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This manual is intended for a laboratory guide 
^ in connection with a larger text or a course of il- 
lustrated lectures. It calls for no work which may 
^ x4 not be done by the average high school student 
«v^ and with the average laboratory equipment. It is 
.^^ complete enough so that it may be used for two 
years* work, one being devoted to general and the 
other to analytical chemistry. 

In preparing this second edition the authors 
have changed the original plans in several import- 
ant respects. The non-metallic portion has been 
much amplified, both experiments and explana- 
-^rtions being increased. The questions which cover 
jbhe experiments are not in any sense complete. 
^They are intended solely to suggest to teacher and 
^ pupil other questions which may be answered by 
'.^observation of the experiment at hand. 
K ^^. The metallic section is almost entirely new, 
.."^being modelled in part after the new qualitative 
* analysis of Prof. J. F. McGregory, of Colgate 
. University. The authors have a very high opinion 
of the educational value of analytical chemistry 
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IV PREFACE 

and -for that reason the work is quite complete in 
this section. It is not complete enough to give 
a student a technical training, but if carefully fol- 
lowed out will lay a broad foundation for further 
technical study. Chemistry in secondary schools 
should make for general education and culture 
rather than for technical training, and in the 
minds of the authors no part of the work tends to 
develop keen powers of observation so much as the 
experiments of blow-pipe and wet analysis. 

The blow-pipe analysis precedes the wet work 
because it teaches the student to be careful in small 
details and this care aids in the later and more 
complex study of the separations. 

In teaching the metals and their reactions the 
authors have found that the practice of writing the 
equations for all reactions aids the student in re- 
membering what he has done. In our own labor- 
atory this has been insisted upon with good results. 
After the chief reactions have been verified experi- 
mentally a series of unknowns of fifty or sixty has 
been given to the class and each student has been 
required to find the one metal in solution, using 
methods of his own. It should be understood by 
the student that in working out these unknowns 
his chief aim is to learn the reactions which are 
involved rather than to simply find the metal. 

The portion of the analytical work dealing 
with the separations needs no special explanation 
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as the methods are the same as those generally- 
employed. 

The authors wish to acknowledge their indebt- 
edness to Prof. J. F. McGregory, of Colgate Uni- 
versity, for many suggestions and corrections, to 
Mr. E. L. Paige for the photographic work, and 
to others who by the inspiration of their encourage- 
ment have made the work a pleasant task. 

Any corrections or suggestions by the teachers 
using the work will be gratefully received. 

Colgate University, 

Hamilton, New York. 

August 11, 1904. 



TABLE OP ATOMIC WEIGHTS. 



Aluminum 27.1 

Antimony 120. 

Argon 40. 

Arsenic 75. 

Barium 137.4 

Bismuth 208.5 

Boron 11. 

Bromine 79.96 

Cadmium 112. 

Caesium 133. 

Calcium 40. 

Carbon 12.00 

Cerium 140. 

Chlorine 35.45 

Chromium 52.1 

Cobalt 59. 

Columbium 94. 

Copper 63.6 

Erbium 166. 

Fluorine 19. 

Gadolinijm 

Gallium :.. 70. 

Germanium 72, 

Glucinum 9. 1 

Gold 197.2 

Helium 4. 

Hydrogen 1.01 

Indium 114. 

Iodine 126.85 

Iridium 193. 

Iron 56. 

Lanthanum 138. 

Lead 206.9 

Lithium... 7.03 

Magnesium 24.36 

Manganese 55. 

Mercury 200.3 



Molybdenuui 96. 

Neodymium 144. 

Nickel 58.7 

Nitrogen 14.04 

Osmium 191. 

Oxygen 16.00 

Palladium 106. 

Phosphorus 31. 

Platinum 194.8 

Potassium 39.15 

Praseodymium 140. 

Rhodium 103. 

Rubidium 85.4 

Ruthenium 101.7 

Samarium. 150. 

Scandium 44.1 

Selenium 79.1 

Silicon 28.4 

Silver 107.93 

Sodium 23.05 

Strontium 87.6 

Sulphur 32 06 

Tantalum. 183. 

Tellurium 127. 

Terbium 

Thallium 204.1 

Thorium 232. 

Thulium 

Tin 118.5 

Titanium 48.1 

Tungsten 184. 

Uranium 239.5 

Vansdium..... 51.2 

Ytterbium 173. 

Yttrium 89. 

Zinc 65.4 

Zirconium 90.6 



VI 



NONMETALLIC ELEMENTS. 

MATTER DEFINED. 

All the objects which our senses can recognize 
occupy space. Likewise all are drawn toward the 
earth by a force which we call gravitation. The 
measure of this force we call weight. Matter is 
the general name applied to all objects and may be 
defined as that which occupies space or which has 
weight. 

CONDITIONS IN WHICH MATTER EXISTS. 

Experiment 1. Note the properties of a piece 
of ice. Place the ice in a small flask and melt. 
Next boil the water thus made. What is formed? 
Here we see that matter exists in at least three con- 
ditions. Can you think of any others? 

DIVISIONS OF MATTER. 

Scientists believe that all forms of matter are 
composed of very small particles. These particles 
they call molecules. An aggregation of these mole- 
cules is called a mass. We can know matter in the 
mass form only, as the molecules are too small to 
appeal to our senses. Most molecules have prop- 
erties that seem to indicate that they are composed 
of still smaller particles. These smaller particles 
we call atoms. 
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We may divide a mass of sugar, for example, 
into two pieces, these two into other two, and so on 
almost indefinitely.* We can conceive however 
that after an almost infinite number of divisions 
the sugar can no longer be divided by such a meth- 
od. This smallest piece of sugar would be the 
molecule. Under certain circumstances as we will 
see in later experiments, the sugar mass can be dis- 
integrated into the several constituents of which it 
is composed. We can conceive that the same 
change could take place in the smallest particle. 
The constituents into which the sugar would be di- 
vided are the atoms. In other words, the smallest 
particle of sugar capable of existing as such, is the 
molecule, while the constituents which together 
make up the molecule of sugar would be the atoms. 

The above conception of matter forms the basis 
of the theory known as the atomic theory. 

NONMETALLIC ELEMENTS. 

PHYSICAL AND CHEMICAL CHANGK. 

Exp. 2. Dissolve a small quantity of sugar 
in water. Evaporate the solution to dryness in 
a small porcelain dish on a water bath and examine 
the residue. Has the sugar changed? 

Heat a litj;le sugar strongly and examine 
again. Has it changed this time? 

Exp. 3. Heat a small piece of nickel wire un- 
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til red hot. Allow to cool and examine. Is it 
still nickel? 

Place some nickel in a test tube and pour wa- 
ter on it until it is covered. Now add, drop by drop, 
concentrated sulfuric acid until bubbles of gas arise 
from the wire. After allowing the tube and con- 
tents to stand a few minutes the nickel will disap- 
pear. Next filter the contents of tube and evapo- 
rate fco dryness. Examine the residue. What has 
happened to the wire? 

Exp. 4. Heat a piece of platinum wire, a 
piece of magnesium wire or ribbon. What is the 
difference in action ? 

PHYSICAL AND CHEMICAL CHANGES DEFINED. 

If we heat a piece of nickel to redness then al- 
low it to cool Ave will find that it is still nickel, it 
has not changed. This is a good example of phys- 
ical change and we may define a physical change 
as one such that when the causes of the change 
have been removed the substance returns to its 
original condition. In other words a physical 
change is one which does not destroy the identity of 
matter. 

On the other hand, if we subject the piece of 
nickel to the action of an acid such as sulfuric, it 
will disappear and we have a substance in its place 
which in all its outward properties is not at all like 
nickel. Its identity has been completly destroyed. 
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This is a type of chemical cliange and we may de- 
fine a chemical change as one such that when the 
causes have been removed the substance does not 
return to its original condition. Or. a chemical- 
change is one in Avhich the identity of the sub- 
stance is destroyed. 

We have already seen that all matter is re- 
garded as composed of very small particles, mole- 
cules and atoms. We have learned that when 
large masses of matter are subjected to certain con- 
ditions they may be separated into their consti- 
tuents. We believe that the salne is true of mole- 
cules as of masses. These constituents of mole- 
cules are the atoms. Molecules, then, are built up 
by the combination of atoms. Masses are made 
by the aggregation of molecules. 

With the above in mind we are ready for a new 
definition of chemical and physical change. That 
which produces a change in matter without destroying the 
identity of the molecule is a physical change, and that 
ivhick alters the molecule or decomjjoses it into its atoms 
is a chemical change. 

MIXTURES AND CHEMICAL COMPOUNDS. 

Exp. 5. Mix a- small quantity of sand with 
common salt. Can you distinguish the two? 
Place the mixture in a porcelain dish and pour 
about -20 cubic centimeters of hot water on it. 
Filter the^ solution. What remains on the filter 
paper? Evaporate the solution to dryness. What 
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is the residue? Here we have an example of a 
mixture and at the same time an example of a 
physical change. 

Exp. 6. Mix equal quantities of fine iron fil- 
ings and powdered sulfur. Examine with a mag- 
nifying glass. Can the elements be distinguished? 
Treat a sample of the mixture with carbon disulfid , 
filter and examine the residue in the filter paper. 
Where is the sulfur? Place another sample in a 
test tube and heat. When the action has ceased, 
bi'eak the tube and examine the contents. Is the 
-substance like either of the constituent substances? 
Can you separate the constitu^ents as you did be- 
fore heating ! 

Cubic Centimeter is usually abbreviated c. c. 

State the diflFerence betAveen a mixture and a 
chemical compound. 

THE COMMON ELEMENTS AND THEIR COM- 
POUNDS. 

DEFINITION. 

An element is a substance which cannot be sep- 
arated by any known method into two or more dif- 
ferent substances. 

CLASSIFICATION. 

There jire about 75 elements known. A com- 
plete list is given at the beginning of this book. 
They are divided into two great classes -called the 



NONMETALLIC ELEMENTS 11 

metals and the non-metals being so classed be- 
cause of characteristic physical and chemical pro- 
perties. For example the metals generally have a 
high specific gravity they are usually 
hard, have metallic lustre, etc. These properties 
are usually lacking in the case of the non-metals 
although a few possess them. The line 
of distiction between the two classes as determined 
by their physical properties is not very clear. 

The chief chemical property of the metals is 
that they combine with the non-metallic element 
oxygen or with oxygen and hydrogen to form a 
class of substances called dases while non-metals 
combine with the same elements to form a class of 
compounds having properties very different from 
those of the bases. Tliese are known as acids. 

See the definition of bases and acids. 

GROUP OF ELEMENTS. 

There are certain elements which show many 
common or similar properties. Such are usually 
classed together, the groups being named from 
some common important element or from some 
property common to the whole group. Thus we 
have the Oxygen Group, the Halogen Group, etc. 

NAMES AND SYMBOLS OF THE ELEMENTS. 

The names of the elements have been derived 
from a variety of sources, from some characteristic 
property, from some place or country, from mytho- 
logy etc. Each element is designated by a symbol 
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peculiar to itself. In the early days of chemical 
work, chemistry and astrology were closely allied 
and the earliest symbols for the elements were the 
astrological signs for planets. Now we designate 
tlie elements by one or two letters of their names, 
one whon the name of one element only begins 
with the letter and two when several elements 
have names beginning with the same letter. Thus 
the element arsenic has the symbol As and the 
element silver the symbol Ag. 

Ten of the elements derive their symbols from 
their Latin names, antimony, Sb, Stibium, copper, 
Cu, Cuprum, gold, Au, Aurum, iron, Fe, Ferrum, 
lead, Pb, Plumbum, mercury, Hg, Hydrargyrum, 
potassium, K, Kalium, sodium, Na, Natrium, tin, 
Sn, Stannum, and tungsten, W; Wolframium. 

The above symbols are generally used to desig- 
nate a single atom of the element and should be so 
understood. 

CHEMICAL FORMULAS. 

Definition. — A formula is a character desig- 
nating a chemical compound. It is to the com- 
pound just what the symbol is to the element. It 
is made by combining in the proper proportions 
the symbols of the elements which make up a com- 
pound. 

We may write formulas in two ways. We 
may repeat the symbols of the elements as many 
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times as they occur or we may place after each 
symbol an index number to show how many times 
that particular element occurs in the compound. 
For example a molecule of sulfuric acid is compos- 
ed of three elements viz. hydrogen, sulfur and oxy- 
gen. It has been proved by many careful experi- 
ments that these occur in the ratio of two atoms of 
hydrogen, H2, one atom of sulfur, S and four of oxy- 
gen, O4. Hence we might write the formula thus 
HHSOOOO. Such a method is very cumbersome, 
so we write tlie symbols and place after each a 
number to show how many times it should be 
written i. e. H2SO4. This is called an empirical 
formula and is most used to write simple com- 
pounds. 

There is another kind of formula tliat is used 
to designate very complex compounds such as are 
found in the branch of our science called Organic 
Chemistry. This will be discussed in a later para- 
graph. 

MODERN NOMENCLATURE. 

In 1787 the French chemist Lavoisier made 
the first attempt to introduce a systematic method 
of naming the elements and their compounds and 
his system is the basis of the one now in use. The 
names of the older elements and of many of their 
compounds were not changed, but as fast as new 
were discovered they -were named according to the 
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system. All new metals receive names ending in 
ium and new non-nutals those ending in on. 

Those compounds made up of two elements are 
called binary compounds and in naming them we 
name the metal first, then the non-metal, changing 
the last one or two syllables of its name to id. Thus 
NaCl is a binary compound. It is made up of 
sodium (Na) and chlorin (CI) and is called sodium 
chlorid. 

If the same two elements combine to form two 
different compounds the name of the metal is so 
changed as to show which of the two contains the 
greater amount of non-metal. Thus we have two 
compounds of iron (Fe) and chlorin, (CI). FeCl2 
and FeClg both iron chlorids. The first is called 
ferrous chlorid and the other ferric chlorid. The ter- 
mination ous indicates the lesser quantity of non- 
metal and ic the greater. 

THE ACIDS. 

Definition. An acid may be defined as a com- 
pound of hydrogen and a non-metal usually in 
combination with oxygen. Part or all of the 
hydrogen may be replaced by a metal. An acid 
has a sour taste and will turn red certain vegetable 
coloring matters such as litmus. 

There are two great classes of the acids, the 
halogen acids (named from the Halogen Group 
of elements) and tlie oxyacid?. The halogen 
^cids are compounds of the elements hydrogen au(^ 
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one of tlie halogens. They are binary compounds 
and are named as such except tliat the name of the 
non-metals ends in ic. Thus HCl is a compound of 
hydrogen and chlorin and is called hydrochloric acid. 

The oxyacids are compounds of three ele- 
ments two of which, oxygen and hydrogen, are 
common to all. These are combined with a third 
nonmetallic element which gives its name to the 
acid. The name terminates in ous or ic as in the 
case of binary compounds, the acid having the les- 
ser amount of oxygen ending in ous and the greater 
in ic. Such are HgSOg and HgSO^ both acids of 
sulfur (S) and named sulfurous and sulfuric acids. 

Sometimes the oxygen exists in more than two 
proportions as in certain acids of chlorin, HCIO, 
HCIO2, HCIO3 and HCIO,. The name of the most 
important ende in ic. This is HCIO3, chloric acid. 
HCIO2 is chlorous. HCIO contains less oxygen 
than chlorous acid and has before its name the pre- 
fix hypo meaning under, thus is named hypochlorous 
acid. HCIO, contains more oxygen than chloric 
acid and is named hyper or perchloric acid. Hyper 
or per means ewer. 

Note. There are still other acids which do 
not fall in these two classes, they are composed of 
other elements of the oxygen family with hydro- 
gen such as HgS (hydrosulfuric acid) etc. 

Bases. 

(See definition P. 27.) 
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Bases are named like binary compounds. For 
example Kfi, a compound of potassium and oxy- 
gen, is called potassium oxid/ Some bases con- 
tain more than two elements and strictly speaking 
are not binary compounds. Such a base is KOH, 
potassium hydroxid. Here the OH group is con- 
sidered as a single element and is named hydroxyl. 
A group of elements which acts like a single ele- 
ment, is knawn as a compound radical. 

— Salts. 

A salt is derived from an acid by replacing 
the hydrogen of the acid by a metal. The name of 
the salt, comes from the acid from which it was 
made. Acids whose names end in ic give rise to 
salts the names of which end in ate. Those ending 
in ous make salts ending in ite. There are two 
salts of sodium derived from sulfurous and sulfuric 
acids written NagSOg and NagSO^ named sodium 
sulfite and sodium sulfate respectively. If the acid 
name has a prefix the same prefix will appear in 
the name of the salt. HCIO^ (perchloric acid) gives 
rise to the sodium salt NaClO^ which is called 
sodium perchlorate. 

In a salt the name of the metal remains un- 
changed except when it forms two compounds with 
the same acid then the name is changed as in bin- 
ary compounds. For example there are two com- 
pounds of the metal iron, Fe. and sulfuric acid, 
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FeSO^ and Fe2(SOj3. These are named ferrous 
and ferric sulfate. 

The salts of the halogen acids are an excep- 
tion to the above rule. They are binary com- 
pounds and are named as such. Thus NaCl, a 
salt from hydrochloric acid, is not called sodium 
hydrochlorate according to the rule but is named 
sodium chlorid. 

Note. — Certaifi combinatioDs of the elements act like 
a single element and form salts in much the same way us the 
metal. Such a combination is called a radical. 

^«^ ATOMIC WEIGHT. 

It is uniyersally believed that the atoms differ 
in weight and that each has a constant weight. 
This cannot be determined absolutely but can be 
with relation to some other element taken as a 
standard. This standard is the lightest element, 
hydrogen. Thus ike atomic weight of an element may 
be defined as the weight of its atom as compared with the 
weight of an atom of hydrogen. The methods by which 
these conclusions are reached are beyond our com- 
prehension at this stage of our work. 

Note. — As hydi*ogen combines with comparatively few 
elements, it is more convenient to use oxygen as the standard 
of atomic weight. For this purpose the ratio between the 
weights of hydrogen and oxygen has been carefully deter- 
mined. If H is assumed as unity. O has a weight of exactly 
15.88. But more often oxygen is taken as the standard and its 
atomic weight is assumed as 16 and hydrogen then has an 
atomic weight of 1.0075. 

HYDROGEN. 
Symbol H. Atomic weight 1. 
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Discovered in 1766 by the English chemist, 
Cavendish. The name comes from the Greek, 
meaning ''a water former." 

PREPARATION. 

Hydrogen made by the decomposition of water. 

Certain elements, such as the metals, potassium 
(K) and sodium (Na), have the power to decom- 
pose water, setting free its hydrogen. We find by 
experiment that water is composed of two parts by 
volume of hydrogen to one part of another element 
called oxygen, and is designated by the formula 
H2O. (See p. 29.) 

Exp. 7-a. Fill an evaporating dish or pan with 
water. Fill a bottle 
or large test tube with 
water. Cover the tube 
with a glass plate, in- 
vert in the dish and re- 
move plate. Wrap a 
small bright piece of 
sodium in a piece of 
dry tissue paper or 
wire gauze then with 
a dry pair of forceps hold the sodium under the 
mouth of the tube. Note the formation of gas. 

When the evolution of gas has ceased, test the 
contents of the tube by thrusting into it a burning 
match. The gas burns at the mouth of the tube 
but the match is extinguished if thrust into the gas. 
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Such a gas which will not support burning is called 
a non-supporter of combustion. This is the test 
usually applied to determine hydrogen. 

b. Test the water used in the above experi- 
ment with red litmus paper. The color is changed 
to blue. Rub some of the liquid between tlie 
thumb and forefinger. Note the greasy feeling. 
Taste the liquid. It has a peculiar soapy taste. 
These are the properties characterizing a class of 
substances called bases. 

Definition; Bases are compounds of the metals 
with oxygen or with oxygen and hydrogen. Cer- 
tain of them are soluble in water and such are 
called alkalies. Potassium and sodium hydroxids, 
KOH and NaOH, are typical alkalies. 

Explanation of the action between sodium and 
water. 

Sodium is a metal which has so strong an at- 
traction or affinity for oxygen that it will take ii»e 
element from any of its compounds. Water is 
composed of hydrogen and oxygen. The sodium 
combines with the oxygen forming abaseNagO, 
setting the hydrogen free. The base is soluble in 
water with which it at once combines to form an 
alkali, sodium hydroxid (NaOH) . 

Note— Litmus paper is paper colored with an organic 
substance which is changed red by acids and blue by bases. 
If the litmus paper on your table is red and you wish it blue, 
hold it over the mouth of the ammonia bottle. If the opposite 
change is desired hold it over the hydrochloric acid bottle. 
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Represented graphically the reaction is as 
follows : 

1. Water is composed of oxygen and hydrogen. 

2. Sodium with water gives sodium oxide 
and hydrogen. 

3. Sodium oxide with water gives sodium 
hydroxid. 

The above is a very cumbersome way of writ- 
ing a reaction so it is never used except for explan- 
ation. Written in chemical terms it is as follows : 

1. Water is H^O. 

2. 2Na with H^^O gives l^afi and H^. 

3. Nap with H^O gives 2NaOH. 

4. This is further simplified by substituting 
for the words **with," *^gives," etc., the plus 
and equality signs. Thus we have 

2. 2Na+H20=H2+Na20. 

3. Na20+H,0=2NaOH. 

* This form of writing the reaction is called an 
equation. 

Note— Reactions. When two or more substances act 
upon each other to form new substances the process is called 
a reaction. 

Caution. Sodium is a metal which combines 
very readily with water with evolution of hydrogen. 
The reaction is almost explosive, but if small, 
bright pieces of the metal is used there is little 
danger. Before use therefore always see that the 
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metal is bright and clean. Sodium is kept nnder 
benzine to prevent it from combining with the 
moisture of the air. 

CHEMICAL EQUATIONS. 

When substances act upon one another to form 
new substances the process is called a reaction and 
is stated in a form known as a chemical equation. 
The materials which take part in a reaction are 
placed before a sign of equality and are called the 
"factors/' while the resulting substances are 
placed after the sign and are called '* products.'' 

The quantity of matter in the universe is con- 
stant. None is created and none is destroyed. 
This fact is shown in the chemical equation, since 
the sum of the products always exactly equals the 
sum of the factors. For example in the equation 
H2+0=H20, the atomic weight of hydrogen is 1 
and that of oxygen is 16, and the equation repre- 
sents this fact, that two atoms of hydrogen with an 
atomic weight of 1 each, will combine with one 
atom of oxygen forming a product* having a weight 
of 18, the sum of the weights of the two factors. 

MOLECULAR WEIGHT DEFINED. 

The above quantity 18 is known as the molecu- 
lar weight of water and the molecular weight of a 
compound may be defined as the sum of the atomic 
weights of the elements composing that compound. 

Another example will help to make this point 
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clear. Pure limestone or chalk is composed of the 
thi^ee elements, calcium, carbon and oxygen, and 
has the formula CaCOj. . If this is heated it may 
be easily proved by analysis that two products are 
formed, calcium oxid, CaO and a compound of car- 
bon and oxygen called carbon dioxid COg. The 
equation would be as follows : 

CaCOg heated = CaO + COg. 

This means when fully expressed that 100.1 
parts CaCO3[Ca(40.1)+C(12) + 3O(3Xl6) = 100.1.] 
when heated will give 56.1 parts CaO (40.1 + 16.) 
and 44 parts COg [12+32(2X16.)] The accuracy 
of these quantities has been established by many 
careful analyses. 

In many equations a student will notice that a 
numeral is placed before one or more of the pro- 
ducts or factors, as for example Na20+H20=2Na 
OH. Here a 2 is placed before the formula NaOH 
in order that there may be the same number of 
atoms and hence the same weights on the two sides 
of the equation. Such an equation is said to be 
'* balanced.'' Another way of expressing this is to 
say that each atom in the products must appear in 
the factors. 

VALENCE. 

All of the non-metallic elements form com- 
pounds with hydrogen and if these are compared it 
will be found that they fall into four classes. They 
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combine with one, two, three or four atoms of hy- 
drogen respectively. In other words each non- 
metallic element has a definite power to combine 
with this one element. This combining power is 
called the valence of an element. 

The unit of valence is the hydrogen atom, 
thus hydrogen is univalent. All the elements hav- 
ing the power to combine with or replace one atom 
of hydrogen are univalent. Those which can com- 
bine with two, three or four atoms are bivalent, 
trivalent and quadrivalent respectively. Elements 
have another class name depending on their val- 
ence, i. e., those having a valence of one are called 
monads, of 2, S and ^, dyads, triads and tetrads. 

The metals differ from the non-metals in that 
they do not commonly form compounds with hy- 
drogen. Their valence may be determined how- 
ever by the combinations which they form with 
the non-metals of which the valence is known in 
every case. For example the metal sodium does 
not form any combination with hydrogen but it 
does with chlorin, a univalent element. 

As the combination is in the ratio of one to 
one, sodium is a univalent element. 

Usually in writing symbols the valence of the 
atoms is not expressed, but if for any reason this is 
desirable it maj^^ be indicated by Roman numerals, 
a series of short lines or accents as follows : 
I II IV I 

CI O N= Ca= Si — C— Cr O" N"' 
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These marks which indicate the combining or 
''affinity" units are called ''affinity bonds." 
When atoms unite to form compounds these bonds 
must be "satisfied," i. e. each atom must have all 
its bonds taken up by those of some other atom or 
atoms. 

Valence is not a constant quantity. It varies 
in the case of some elements through quite ia wide 
range, the variation depending upon temperature, 
etc. 

Exp. 8. Hydrogen pkom a metal and an acid. 
Many metals when brought in contact with an acid 
will replace the hydrogen which is the common 
constituent of all acids. By use of this principle 
we have a very good method for making the gas, 
using zinc, (Zn) and sulfuric acid, (HjSOJ. 

Preparation. — Make a gas generator from a 
wide mouthed bottle thus : Select a cork to fit the 
bottle snugly and bore two holes of a size to fit the 




Fio. 2. 



funnel tube (A) and the delivery tube (B). (Bend 
glass by heating in the broad gas flame used for il- 
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luminating.) Take care that the funnel tube and 
delivery tube fit exactly. 

Now put in the bottle enough granulated zinc 
(Zn) to cover the bottom, and through the funnel 
pour about 50 cg* water then add 5 cc. of concen- 
trated sulfuric acid. The zinc will soon begin to 
dissolve and the hydrogen to be set fr^e. When 
the action ceases it may again be started by add- 
ing another 5 cc. of acid. 

An evolution of gas at once begins and it maj- 
be collected thus : Fill a bottle or bell-jar full of 
water and cover with a glass slip, then invert it in 
a vessel containing water. (Fig. 2.) On remov- 
ing the glass slip, the jar remains full. Conduct 
the gas through the delivery tube into this jar and 
the water will be displaced by the gas. In this 
way collect several jars of gas and after covering 
with glass slips set them aside for future use. 
This process'is called * 'collection by displacement 
of water" or '^collection over water." 

Reaction. — Sulfuric acid is a compound of 
three elements ; hydrogen, sulfur and oxygen, and 
to it is given the formula HgSO^. The zinc simply 
replaces the hydrogen in the acid forming a sub- 
stance called zinc sulfate (ZnSO^). The hydrogen 
is set free. 



Note -Bottles with wide mouths may be used instead of 
bell-jars. 

* cc. means cubic centimeter. 



HpprpflPiitecl in elipmlcfll fonnulas the iv- 
nvikm woulct be wHttrli ftfl folloWR : Zn + IIgHO^^^ 

b. — Kilter a Rmall quantity of the Htiilid left in 
tlie gpiierator and evaporate to dryneww in a porce- 
lain dish. Note the appearance of the f,inc sulfate. 
This iR a typical substance of a class called salts. 

Definition. — A mit is « compound made by re- 
placing the hydrogen of an add with a metah 
Halts are usually divided into two classes, twi^mal 
and w'itf. 

A mmmff «r?^f is one which has been made by 
replacing all the hydrogen of an acid with a metal. 
Huch a salt is !U)rmal sodium sulfate, (^NajHOJ. 
Here all the hydrogen atones of the acid have been 
replaced by sodium. An acid like sulfuric which 
contains more than one replaceable atom of hydro- 
gen is known as a polybasic acid, tf it contains 
but tw^o atonts it is said to be dibasic ; if three, is 
called tribasic, etc. 

Acid salts result when but part of the hydro- 
gen is replaced, as acid sodium sulfate (NaUSO^V 

When a acid coiitains three in^placeahle atoms 
of hydrogen, the salts made from it are nan\od 
primory^ ffn^mi^nry and teriiory accoixiing as 0!u\ 
two or three atoms have been replaced. Such are 
pri'mai^ sodium phosphate (XaH.JH),'!, y^eisy^yhyry 
{"iia^WVO^) and tvrti<iry sodium phosphate (Na^ 
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Represented in chemical formulas the re- 
action would be written as follows : ^n + Il280^= 
ZnSO.+ H^. 

b. — Filter a small quantity of the liquid left in 
the generator and evaporate to dryness in a porce- 
lain dish. Note the appearance of the zinc sulfate. 
This is a typical substance of a class called salts. 

Definition. — A salt is ft compound made by re- 
placing the hydrogen of an acid with a metal. 
Salts are usually divided into two classes, normal 
and acid. 

A normal salt is one which has been made by 
replacing all the hydrogen of an acid with a metal. 
Such a salt is normal sodium sulfate, (NagSOJ. 
Here all the hj'^drogen atoms of the acid have been 
replaced by sodium. An acid like sulfuric which 
contains more than one replaceable atom of hydro- 
gen is known as a polybasic acid. If it contains 
but two atoms it is said to be dibasic ; if three, is 
called tribasic, etc. 

Acid salts result when but part of the hydro- 
gen is replaced, as acid sodium sulfate (NaHSOJ. 

When a acid contains three reiDlaceable atoms 
of hydrogen, the salts made from it are named 
primary, secondary and tertiary according as one, 
two or three atoms have been replaced. Such are 
primary sodium phosphate (NaH^POj, secondary 
(NagHPOJ and tertiary sodium phosphate (Nag 
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EMPIRICAL AND CONSTITUTIONAL 
FORMULAS. 

We have seen that a formula is the expression 
used to designate a chemical compound and is 
made by combining in the proper proportions the 
symbols of tlie elements of which the compound is 
composed. We may write formulas in two ways. 
We may repeat the symbols of the elements as 
many times as they occur or place after the sym- 
bol an index niamber which will indicate the num- 
ber of times it should be written. 

The first kind is called a constitutional and 
the second an empirical formula. The constitu- 
tional is much used to express complicated com- 
pounds such as occur in Organic Chemistry. Such 
a formula shows the manner in which the atoms 
are believed to combine. The constitutional for- 
mula of sulfuric acid for example is 
0-H 

^ / 

S 
^ \ 
0-H 

The empirical formula merely shows the kind 
and number of atoms in a compound. Sulfuric 
acid would be written H2S0^. 

Exp. 9. Hydrogen from water by electro- 
lysis. 

1. Crack off the bottom of a medium sized, 

wide mouthed bottle. or glass jar. (This may be 
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done by scratching the glass with a file, then 
touching the crack with a red hot glass rod or hot 
piece of iron. The bottle will break parallel to 
the file mark.) Close the neck with a close fitting 
cork, through which two platinum wires pass. 
Put tips on these wires of small pieces of platinum 
foil about one-half inch in length by one-quarter 
wide. Invert the apparatus thus made, support 
it in some way and fill two-thirds full of water ; 
add two or three cc. of HgSO^ and connect the outer 
ends of the platinum wires with two potassium 
dichromate or other good cells. Over the platinum 
tips invert two graduated tubes filled with water. 
After connecting^ with the cells bubbles of gas will 
form on the platinum tips and rise in the tubes. 
After several cubic centimeters of gas have col- 
lected note the ratio between the quantities of gas 
in the two tubes. In which tube is the hydrogen? 
What is its quantity relative to the other gas? 
How do the two gases act with respect to a flame? 
We have here a new gas which is an active sup- 
porter of combustion. It is the oxygen of which 
we have already spoken. 

Note — A special form of apparatus made for the decom- 
position of water is shown in figure, Exp. 28. 

Reaction. — Water subjected to the action of 
the electric current is decomposed into its two con- 
stituent gases and these are given off^ in the exact 
proportion in which they occur in the compound. 
Pure water is a nonconductor of electricity but 
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when slightly acidified it becomes a conductor, 
hence the use of sulfuric acid. 

PROPERTIES OF HYDROGEN. 

Exp. 10. Collect one or two jars of the gas by- 
placing the end of the delivery tube in an inverted 
jar, as in the figure. Such 
a process is called ''collect- 
ion by upward displace- 
ment." What must be 
the weight of hydrogen as 
compared with air to make 
such a process possible? 

Exp. 11. Attach a clay 
pipe to the generator by 
means of a rubber tube. 
Make soap bubbles and set 
them free. What do they -"""" 

do? Is the gas in them heavier than the air? 
Blow some bubbles from the lungs and set them 
free. Note the difference between these and those 
filled with hydrogen. Ignite some hydrogen, bub- 
bles when they are some distance away from the 
generator. Now collect a testtubeful of gas by 
displacement of water and ignite. Does the hydro- 
gen explode? If it does there is still air mixed 
with the gas. Allow the gas to generate for a min- 
ute or two and test again. When the hydrogen is 
perfectly free from air perform experiment 12. 

Note— To make soapsuds use good Castile soap and dis- 
tilled water. Cut the soap into thin shavings and shake with 
the warm water. Use while fresh. 
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Exp. 12. Replace the delivery tube with a 
jet tube, i. e., a glass tube drawn out to a fine 
point. If you are sure that no air is present light 
the jet of gas. Be very careful in this experiment so 
that dangerous explosions may he avoided. A mixture 
of air and hydrogen is very explosive. 

Exp. 13. Over the burning jet hold a clean 
dry bottle. What is deposited on the sides of 
bottle? Where does the oxygen come from? 

Exp. 14. Thrust a burning taper or splinter 
into a jar of the gas. Will tlie gas burn? Will it 
support combustion? Note the color of the flame. 
After burning some time the flame may be colored 
yellow. This is due to sodium which is one of the 
constituents of the glass. 

Exp. 15. Invert an empty jar and invert 
another filled with hydrogen under it. Test the 
gas in each jar. What change has taken place? 
What other experiments show the same properties 
of the gas? 

Exp. 16. Hydrogen and oxygen. 

These two gases combine with great force to 
form water. The mixture of the gases in the pro- 
portion of one part by volume of oxygen to two 
parts of hydrogen is very explosive. The proper- 
ties of this mixture can be well shown by the ap- 
paratus known as the '^hydrogen gun.'' To make 
such a gun, punch a hole in the bottom of a small 
tin can such as a baking powder can. Plug 
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the vent thus made and fill the can with water. 
Next displace the water with hydrogen from a 
generator. When the can is full, bubbles of gas 
will come out around the mouth. Remove from 
the water, keeping the can mouth down, remove 
the plug and apply a light to the vent. 

Repeat the experiment, filling the can half full 
of water. On displacing this with gas the can will 
be half tilled with hydrogen and half with air. Air 
is a mixture of oxygen with another gas called 
nitrogen a,nd may be used instead of pure oxygen. 

OXYGEN. 

Symbol 0. Atomic weight 16. 

Discovered by Priestley in 1774. 

The name comes from the Greek and means 
"an acid maker.'' Oxygen is so named because 
the oxygen compounds of the non-metals combine 
with water to form acids. 

Equivalent weights.. 

We have already learned that elements cnn 
replace one another in compounds. For example 
if we treat a piece of zinc with hydrochloric acid, 
zinc chlorid (ZnCIg) will be forified and hydrogen 
will be set free. We may easily prove by experi- 
ment that 32.5 parts of zinc are always i*equired to 
set free one part by weight of hydrogen. In the 
same way if sodium is thrown into water, for eveiy 
gram of hydrogen set free 23 grams of sodium are 
required. It may be proved that whenever one 
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element can replace another there is always a defi- 
nite weight relation between the elements. Thus 
we may formulate 

THE LAW OF EQUIVALENT WEIGHTS. 

When one element takes the j^flcice ofanotlier in a com- 
poiDid the .substitution always takes place in definite pro- 
portions. The relative quantities which thus 
replace one another are called chemical equivalents^ 
and are usually identical with, or multiples of, the 
atomic weights. Hence the determination of equi- 
valent weights is often necessary for a knowledge 
of the atomic weights of an element. 
. Problem 1. 

Determination of the weight of hydrogen set 
free by a given weight of zinc. 

Weigh very carefully a small 
piece of zinc. Not more than .02 
grams. Place under a funnel in 
a beaker of water as in the figure. 
Invert over the funnel a test tube 
filled w^ith dilute sulfuric acid. 
Hydrogen will be set free and will 
collect in the tube. After the 
zinc is all dissolved raise the tube in the beaker so 
that the level of the liquid inside and outside is 
the same and carefully mark the place. Remove 
the tube from the beaker and fill with water just to 
the mark then measure the water by pouring it 
into a graduate. The amount of water will repre- 
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sent the amount of gas set free. Note the tempera- 
ture of the water and tlie height of the barometer. 
Knowing the volume of the hydrogen, it is an easy 
matter to determine its weight, since at 0° and- 760 
mm. pressure 1 cc. weighs .0000896 grams. But 
our volume is read at a temperature higher than 
0"" and the pressure is probably not 760. To 
reduce the volume to the ideal coYiditions apply the 
following formula. 

y,^ VP . 

7«0(l + at) 

Where V is tlie Tolume at the temperature 
read. 

P is the barometer reading at the time of the 
experiment. 

a is .003665. 

t is the temperature of the water used in the 
experiment. 

Ihen the weight of hydrogen set free is 

W=VoX 0000896. 

The weight of 1 cc. of hydrogen at the ideal 
conditions of temperature and pressure is called a 
crith. 

To calculate the amount of zinc necessary to 
set free one gram of hydrogen apply the following 
proportion, 

Weight of hydrogen: weight of zinc: :l:x 
where x is the equivalent weight of zinc. 

Problem 2. 

In the same manner determine the equivalent 
weight of magnesium. 
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Problem 3. 

How mucli zinc and sulfuric acid would be 
necessary td set free 50 grams of hydrogen? 

Explanation. This reaction takes place between 
the acid and the metal, Zn + HgSOi^ZnSOi+H^. 

This means that 1 molecule of zinc will set free 
1 molecule hydrogen or as tlie symbols of the ele- 
ments represent their atomic weights, 63 parts by 
weight of zinc will set free 2 parts by weight of 
hydrogen or for every part of hydrogen 32.5 parts 
of Zn are necessary. 

Therefore to determine the amount of Zn 
needed to free 50 grams of H apply the follow^ing 
proportion. 

63 :2 :: X : 50. Where x is the weight of Zn. 

In other words the molecular weights of Zn 
and H are to each -other as the actual weights in 
which they combine or replace one another. 

Problem 4. 

How many cubic* centimeters of hydrogen, at 
0^ temperature and 760 m. m. barometer pressure, 
can be obtained from 10 grams of sodium ? 

Problem 5. 

If 15.2 grams of hydrogen are set free by .015 
grams of magnesium at a temperature of 20° C and 
a pressure of 750 mm., what is the equivalent 
weight of the metal? 

PREPARATION. 

Exp. 17. Oxygen from mercuric oxid (HgO.) 
Mercuric oxid is a substance that decomposes 
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very easily into its constituents, oxygen and mer- 
cury. 

Fit a test tube of hard glass with a cork and 
delivery tube. Place in the tube a small quantity 
of mercuric oxid and heat. Collect the gas which 
is generated, by displacement of water as in the 
case of hydrogen. 




Note the sublimate in the tube. What is it? 

Will the gas burn or support combustion? It 
may be best tested to see if it will support combus- 
tion by thrusting into it a splint on which there is 
a spark of fire. What is the element in the air 
that supports combustion? 

The reaction in this case is very simple. The 
mercuric oxid on being heated simply decomposes 
into its two constituents. HgO heated=0 + Hg. 
This is the experiment by which oxygen was dis- 
covered. 
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Exp. 18. oxygen from manganese dioxid, 
(MnO,). 

Repeat the above experiment using manganese 
dioxid instead of mercuric oxid. Is a sublimate 
left in the tube? 

Reaction. — The manganese dioxid on being 
heated forms a compound called red oxid of man- 
ganese (MujOJ and oxygen. 

SMnOa iieated=Mn30,+20. 

Both of the above methods are very unsatis- 
factory, the first because of the expense of the 
material and the second because of the high tem- 
perature necessary. 

Exp. 19. (a) Oxygen from potassium chlo- 
rate, (KCIO3). 

Repeat the above experiment using a small 
quantity of potassium chlorate. In heating be 
careful that none of the salt boils out and strikes 
the hands. It is best to begin to heat at the top 
of the salt and heat toward the bottom. 

After the evolution of gas has ceased, cool the 
contents of the tube, then dissolve in warm water. 
Evaporate the solution to dryness and note crystal 
form, taste and color of the residue. Compare 
with a sample of potassium chlorate. Is it the 
same? 

Reaction. — This takes place in two stages. 
First the potassium chlorate at a temperature a 
little higher than the melting point of the salt 
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forms a substance called potassium perchlorate, 
potassium chlorid and a small quantity of oxygen. 
At a higher temperature this perchlorate decom- 
poses into potassium chlorid and oxygen. 

a. 2KCIO3 heated=KCl (potassium chlorid) 
+ KCIO4 (potassium perchlorate) +20. 

b. KCIO, heated--=KCl+40. 

Or the total reaction may be represented by 
one equation that does not show the intermediate 
steps, i. e., KClOg^KCl + SO. 

To make oxygen from potassium chlorate a 
comparatively high temperature is necessary. It 
is a curious fact that if a small quantity of manga- 
nese dioxid is added to the chlorate the oxygen will 
be SQt free at a lower temperature. The reaction 
is the same as in the above experiment. The man- 
ganese dioxid suffers no change. 

To prove this, melt carefully a 
small quantity of potassium chlorate 
in a crucible or test tube. Test to see 
if any oxygen is given off. Next add 
a small quantity of manganese dioxid. 
Is the evolution of gas increased ? 

Exp. 19. (b) To DETERMINE THE 
AMOUNT OF OXYGEN SET FREE FROM A KNOWN WEIGHT 
OF POTASSIUM CHLORATE. 

Weigh carefully a -small porcelain crucible. 
In it place a small quantity of pulverized potassium 
chlorate and weigh again. The difference is the 
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weight of the chlorate. It is best to use about one 
gram of chlorate. 

Heat crucible and contents until no gas is 
given off. Cool and weigh again. The 
loss represents the weight of oxygen. 
The difference between the weight of 
the empty crucible and the crucible 
plus th^ residue is the weight of the 
potassium chlorid. 

KCIO3 heated=KCl+30. 

122 parts by weight of KCIO3 will give, on 
heating, 74 parts of KCl and 48 parts of oxygen. 

i. e. 122=K(39) + CI (35) + 30 (3 X 16=48) . 
^^ 74=K(39) +C1(35). 

48=3X0(30). 

Supposing we have taken 5 grams of KCIO3 
for our experiment, then the ratio between 5 g. and 
the number of grams of KCl formed is the same as 
that between 122 and 74. Let x equal the weight 
of KCl which should be formed from 5 g. KCIO3, 
then 5 : X :: 122 : 74. Solving we find that this is 3.033 
grams. Likewise to determine the amount of oxy- 
gen formed from 5 g. KCIO3, let y be the amount 
of oxygen, then 5:y:: 122:48. y equals 1.967. 
x+y=3. 033+1. 967=5. 

Work out these proportions substituting the 

number of grams of KCIO3 that you used and the 

amounts of oxygen and KCl obtained. 

Exp. 20. Oxygen from potassium chlorate 
and manganese dioxid. 

Mix well about 10 grams of KCIO3 with one 
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gram of manganese dioxid and heat in a test tube 

or flask arranged with cork stopper and delivery 

tube. Collect several jars of the gas over water 

and set aside for future experiments. 

Note — For the preparation of oxygen in large quantities 
it is best to use a flask of copper. 




PROPERTIES OF OXYGEN. 

Exp. 21. Into ajsraall bottle of oxygen thrust 
a glowing splint. If it relights, extinguish and 
relight as often as possible. Will oxygen burn? 
Will it support combustion ? 

Exp. 22. Make a deflagrating spoon by hol- 
lowing out a piece of crayon or electric light carbon 
Vith a knife. Make a handle by wrapping a piece 
of wire about the chalk. In the deflagrating spoon 
place a little piece of sulfur and ignite in the Bun- 
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sen burner and thrust in a bottle of oxygen as in 
the following figure. 

Note the color of the flame 
and the color of product formed. 
Pour a few drops of water in- 
to the bottle in which the sulfur 
has been burned. Test with red 
and blue litmus paper. What is the 
action of the liquid on the paper? 

An acid has been formed . For 

^ definition of acid see p. 17. 
, Reaction. — The sulfur has combined with the 
oxygen, forming a gas called sulfur dioxid, SOg. 
This combines with water to form an acid. Such 
a substance is called an anhydrid. We may, there- 
fore, define an anhydrid as a substance which when 
brought in contact with water will form an acid. 

The acid formed in this case is called sulfurous 
acid and has the formula HgSOg. HgO+SOj. 

Exp. 23. Place a glowing piece of charcoal 
in the spoon and lower it into a bottle of oxygen. 
Carbon dioxid is formed according to the equation 
C + 2 = COg. Pour a few drops of water into 
the bottle and test as before. Is there any action 
on litmus? A very weak acid has been made, 
called carbonic acid. To test for carbonic acid 
pour a few drops of a solution of calcium hydroxid, 
Ca(0H)2 into tlie bottle and shake. A white sub- 
stance called calcium carbonate is formed having 
' the formula CaCO,. 
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Exp. 24. Dry a piece of phosphorus as large 
as an apple seed carefully on blotting paper and 
phice in a deflagrating spoon. Lower into a jar of 
oxygen and ignite with a warm wire. There should 
be about half an inch of water in the jar to prevent 
it from breaking in case some of the burning phos- 
phorus should fall on the bottom. 

After the combustion is finished test the water 
with litmus and carefully taste. Here we have 
another acid. The phosphorous and oxygen have 
combined to form PgOs. called phosphorous pentoxid 
or phosphoric anhydrid which with water forms 
phosphoric acid (H8PO4.) 

PA+3H,0=2H8P04. 

Phosphoric acid is a tribasic acid and forms 
tliree classes of salts called primary, secondary and 
tertiary according as one, two or three of the 
hydrogen atoms of the acid have been replaced by 
a metal. 

Caution. Phosphorous is a very dangerous 
substance because of the ease with which it takes 
fire. For this reason it is always kept under water. 
It should never be handled with the fingers but 
always with a pair of tongs. 

Exp. 25. 

Many substances which are incombustible 
under ordinary^ conditions burn easily in oxygen. 
Coil a fine iron wire in the form of a spiral. Warm 
one end and dip in sulfur. Ignite and thrust in a 
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jar of oxygen. The iron takes fire and burns bril- 
liantly. It is always necessary to have about an 
inch of water in the bottom of the jar. Wliy? 

OZONE. 

Symbol Os. Molecular weight 47.64. 

Discovered by Schoenbein in 1840. 

The name qomes from the Greek and means 
'*to smeir'. So named because of its strong odor. 

Ozone is a substance that much resembles 
ordinary oxygen in its properties. It is a so-called 
'^allotropic" form of oxygen. Certain elements 
are capable of existing in several different forms. 
Such are said to have allotropic forms. Allotropic 
comes from the Greek and means ** another''. 

Ozone is supposed to be the same as oxygen 
except that it consists of three atoms to the mole- 
cule while oxygen lias but two. It is easily decom- 
posed and breaks up into a molecule of oxygen O2 
and an atom of oxygen. Tlie atom of oxygen has 
the same properties as the molecular oxygen 
except in a much greater degree. The properties 
of ozone are the same as those of the atomic oxy- 
gen and it is believed that these are due to this 
decomposition. When an element is capable of 
decomposing into one or more atoms, just after the 
change has taken place it is said to be in the nas- 
cent state. Nascent means **just born''. In this 
condition the elements show^ their properties in a 
much greater degree than is usual. 
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Ozone may be made in a number of waj^s. Its 
properties are so mucli like those of oxygen that 
the student will gain little by making it in the 
laboratory. 

In nature it is generated by the passage of 
electric flashes through the air. In a similar man- 
ner it may be made in the laboratory by means of 
the electric machine or by passing a silent dis- 
charge of electricity through dry oxygen. 

The odor may be noted by standing near an 
electric machine in motion. 

COMPOUNDS OF OXYGEN AND HYDROGEN. 

There are two such compounds, water, (HgO) 
and a much less common substance called hydro- 
gen dioxid, (HgOg) . The latter has a very limited 
use in medicine, for bleaching the hair and for 
cleaning old paintings. It is known in medicine 
as dioxogen. 

WATER. 

Formula Hfi, Molecular weight 18. 

Exp. 26. Burn a jet of hydrogen in the air. 
Hold a cold dry bottle over the jet. See Exp. 13. 
All substances which contain hydrogen, on burning, 
form water. Organic matter, i. e. the product of 
animal and vegetable life, contains hydrogen thus 
such matter will form water when burned. To 
prove this, burn a piece of paper or wood in a clean 
dry bottle. Note the deposit of moisture on the 
sides of the bottle. 
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Breathe on a dry glass plate. Note the moist- 
ure. Water is formed in the body by a process 
analogous to combustion. 

Exp. 27. Water prepared from copper 

OXID (CuO) AND hydrogen. 

In a bulb of hard glass arranged as in the 
figure place a weighed quantity of copper oxid. 
Pasa dry hydrogen over the oxid while heating to 
as high a temperature as possible. The water 
may be collected in a U formed tube filled with 




calcium chlorid (CaClj) which may be weighed 
before and after the experiment to determine the 
quantity of water formed. The hydrogen may be 
dried by passing it through a wash bottle contain- 
ing concentrated sulfuric acid. See figure. 

A is the wash bottle to dry the hydrogen. B is 
a tube filled with copper oxid. C is the tube filled 
with CaClj to absorb the water. 

After the experiment is finished note that the 
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black copper oxid has changed to a bright color. 
It has been changed to metallic copper. A process 
like this where oxygen is taken away from a sub- 
stance is called reduction, while that of adding oxy- 
gen is called oxidation. One process is the comp- 
lement of the other. Which substance has been 
oxidized in the above experiment? 

Reaction, — CuO + H2=H20+Cu. This means 
that 79 parts by weight of CuO with 2 parts of 
hydrogen will form 18 parts of water and 63 parts 
of copper, or that 4.39 parts of CuO will form 1 
part of water. Thus for every gram of water 4.39 
grams of CuO must be changed into copper. Did 
this hold true in your experiments? 

ANALYSIS AND SYNTHESIS OF WATER. 

How much water can be prepared from lOOg 
CuO? What weight of H. would be required? 
What volume would this H. occupy at 20° and 735 
mm pressure? 

To determine the constitution of any substance 
we must subject it to a process called analysis. If 
we simply determine what substances are present 
the process is called qualitative analysis. If we de- 
termine the quantity of the substances the process 
is called quantitative analysis. 

We may also determine the nature of a sub- 
stance by putting together its constituents and 
causing them to combine. Sucli a process is called 
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syntheslfi. A synthesis is the opposite of an ana- 
\ys\H. Just as we have quantitivc and qualitative 
analysis we may have qa(i)ttlfative and qualitative 
HyntheslH. Both of these processes are w^ell illus- 
trated by tlie two following experiments. 

Exp. 28. Analysis of w^ater. 

Jlepeat Exp. 9. Does the oxygen come off at 
the + or — pole? One of the distin- 
guishing cliaracteristics of the 
metals and non-metals is their 
behavior toward an electric cur- 
rent. When a compound is dis- 
sociated b}^ the current, the metal 
is set free at the — pole and the 
non-metal at the + . 

SYNTHESIS OF WATER. 

It has been shown that water can be decom- 
posed into two constituents, oxygen and hydrogen, 
and that there are exactly two volumes of hydro- 
gen set free for one of oxygen. In like manner we 
may prove the composition of water by mixing 
these gases in the proper proportions and exploding 
the mixture. The two gases will combine com- 
pletely. This experiment is not well adapted to 
the use of students but should be shown by the 
teacher. 




WATER OF CRYSTALLIZATION. 

Water often occiu's combined in salts. In 
miany salts it is essential to the crystal form and is 
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called water of crystallization. 

Exp. 29. Examine some crystals of copper 
sulfate, (CuSOJ. Note the form, color, etc. Heat 
in a test tube and again exanaine. What is given 
off? 

Cool and add a small quantity of water. Evap- 
orate the solution to dryness on a water bath. 
Compare the crystals with those originally used. 

Exp. 30. In each of two watch glasses place 
crystals of sodium carbonate (NagCOg) and sodium 
sulfate (NagSOJ . Allow to stand over night and 
again observe. What has occured? 

Crystals which suffer such a change on being 
exposed to the air are said to effloresce and the 
phenomonen is named efflm-escence, 

Exp. 31. Repeat the above using calcium 
chlorid (CaClj). This salt shows a change which 
is the opposite of that of two salts used above. 
This change is called deliqv^scence. 

Exp. 32. Heat some crystals of common salt 
in a test tube. What is given off? Note the crack- 
ling sound. This is called decrepitation. It is caused 
by water mechanically enclosed in the crystals. 

SOLUTION. 

When a solid and a liquid are brought together 
the solid will often disappear, forming a liquid 
which looks much like the original. For example 
if we place a small quantity of common salt in 
water it will disappear and the water will appear 
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just as it did before tlie salt was added. Such a 
process is called solution. Tlie liquid is called a 
solvent. Besides solids, liquids and gases will 
dissolve in liquids. If a liquid which contains a 
dissolved solid is boiled the solid will usually 
separate in its original form. Most solids appear 
in the crystalline form. 

A dissolved liquid can usually be separated 
from its solvent by boiling. The separation is dif- 
ficult or impossible if the temperatures at which 
tlie two liquids are changed to tlie vapor form are 
near together. The temperature at which a liquid 
changes to the vapor form or at which the liquid 
boils is called the boiling point. All liquids have 
a definite boiling point which is constant for like 
conditions of pressure. 

Gases may also be separated from their solvent 
by boiling. The separation usually takes place at 
a temperature much lower than the boiling point 
of the solvent. A few gases show an exception to 
this rule. 

Water is an almost; universal solvent. It dis- 
solves nearly all known substances in greater or 
less degree. 

Solutions differ from chemical compounds in 
that they have no definite composition which is the 
characteristic common to all true chemical com- 
pounds. The whole subject of solutions and their 
properties is but imperfectly understood. 
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Exp. 33. Determine the temperature of twenty 
cc. distilled water. Add a quantity of common salt, 
stir and again note the temperature. Try the same 
with sodium nitrate (NaNOa) copper sulfate, etc. 

If we should attempt to change a quantity of 
common salt into the form of a powder it would be 
necessary to do work upon it, i. e. to expend 
energy. In the same way when a salt is dissolved 
in water energy is required. The only source of 
energy in the water is heat so the salt absorbs this 
heat in changing from the solid to the liquid form. 
This explains the lowering of the temperature. 

Exp. 34. To a small quantity of water in ^ test 
tube gradually add concentrated sulfuric acid and 
note changes in temperature. Do you see why w^e 
should be careful in diluting concentrated sulfuric 
acid? 

In a srnall quantity of water in an evaporating 
dish place a small piece of potassium or sodium 
hydroxid, determining the temperature change. 

If a new chemical compound is formed when 
a solid is dissolved in a solvent, heat will be 
evolved. For example in the case of the sulfuric 
acid it is believed that a dilute acid of definite com- 
position is formed i. e. H2SO4 + XII2O. This 
accounts for the rise in temperature in the last 
experiment. 
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SOLUTION OF GASES IN WATER. 

Exp. 35. Place a beaker half full of water on 
a wire gauze arranged so that it may be heated. 
Note the temperature at which bubbles of gas are 
set free. Thi^ is a temperature far below the boil- 
ing point of water i.e. 100 degrees. 

The gases are those ordinarily dis- 
solved in water i. e. the gases of the 
atmosphere, oxygen and nitrogen. 

DISTILLATION. 

Water may be freed from most dis- 
solved solids and liquids by the process 
known as distillation. This is a pro- J 
cess by which a substance is changed 
into va[)or, this vapor being again condensed. 





^3 



p]xp. 3G. In a distilling flask arranged with 
a condenser as in the figure, place a solu- 
tion of 2 grams copper sulfate in 50 cc. water. 
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Heat the flask until about half the contents hava 
passed over. The liquid that passes over is called 
the distillate. Evaporate the distillate to dryness 
and examine. Do the same with the contents of 
the flask. . 

A is the distilling flask, D the condenser, C 
the x^eceiver and H G the tubes by which water 
is carried through the condenser. During the 
distillation the condenser should be filled with 
running water. 

THE HALOGEN. FAMILY OF ELEMENTS. 

Certain elements have so many common or 
similar properties that they are placed together in 
groups or families. Such a group is usually named 
from the most important element or from some 
characteristic common to all the elements of the 
group. 

The halogen group consists of four elements 
viz. fluorin, F, atomic weight 18.9 ; chlorin, CI, at. 
wt. 35.19 ; bromin, Br, 79.36 ; and iodin, I, 125.91. 
These have been named in the order of their chemi- 
cal activity. Fluorin is the most active element of 
the group, in fact it is the most active element 
known, forming compounds witli nearly all sub- 
stances oxygen alone excepted. Chlorin is also a 
very active element but less so than fluorin. Bro- 
min is less active than chlorin, etc. The chemical 
and physical properties all vary with the atomic 
weights. Fluorin and chlorin are gases, bromin a 
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liquid and iodin, of still higher atomic weight, is 
a solid. Fluorin is least like a metal, i. e., is 
most non-metallic, while iodin has a few proper- 
ties like those of the metals. Tlie properties of 
chlorin and bromin vary between those of the 
other two halogens. 

The name halogen comes from the Greek and 
means a *^salt builder" from the fact that all the 
elements of this group combine directly with tlie 
metals to form salts. 

FLUORIN. 

Symbol F. Atomic weight, 18.9. 

Discovered in 1886 by a French cliemist, M. 
Moissan. 

The name comes from *y?W, I flow. The 
element was so named because it was first made 
from fiuorite, a substance much used as a flux in 
smelting operations. 

The element fluorin is so active chemically 
that it can be made onlj'^ with the greatest diffi- 
culty. Its preparation is therefore quite impos- 
sible for the beginner. 

Fluorin may be best studied in the form of its 
compound with hydrogen, hydrofluoric acid. 

HYDROFLUORIC ACID. 

Symbol HF. Molecular weight, 19.9. 

Hydrofluoric acid is a very volatile liquid hav- 
ing a low boiling point. It is extremely corrosive 
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and very dangerous to life if inhaled, so all work 
with it must be done under a hood, i. e., an appa- • 
ratus so arranged that all poisonous gases are car- 
ried away. If the acid is spilled on the skin it 
gives rise to very painful and slow healing sores. 

Preparation. 

The acid may be best prepared from a com- 
pound of fluorin with the metal calcium, calcium 
fluorid, (CaFg.) By treating this with concen- 
trated sulfuric acid hydrofluoric acid will be 
formed. The most cliaracteristic property of the 
acid is its power to etch glass and this may be 
shown at the same time as its preparation in the 
following experiment. 

Exp. 36. Cover a glass slip on one side with 
wax or paraffin. Cut with a pin or sharp iiistru- 
ment some design that you wish engraved. Next 
in a leaden dish under a hood place about four 
grams of calcium fluorid and add strong sulfuric 
acid until the fluorid is covered. Warm very 
gently and cover the dish with the piece of glass 
with the waxed side down. Allow to stand over 
night then scrape off the wax and examine. The 
design that you have drawn will be etched on the 
glass. 

Reaction, CaF^ + H2SO4 = 2HF + CaS04, cal- 
cium sulfate. 

Exp. 37. Test the hydrofluoric acid in the 
leaden dish by holding red litmus paper in it. Do 
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nob put the paper in the liquid but hold just 
over its surface. 

Because of its great chemical activity hydro- 
fluoric acid must be kept in bottles of paraflin, 
platinum or rubber. These materials are not 
attacked. 

CHLORIN. 

Symbol CI. Atomic weight 35.19. 

Discovered by the Swedish chemist Scheele in 
1774. 

The name comes from the Greek, meaning **of 
a yellowish green color". 

Preparation. 

Exp. 38. To a small quantity of manganese 
dioxid in a test tube add 5-6 cc. of hydrochloric 
acid, (HCl). Heat the mixture gently. Note the 
color and odor of the 
escaping gas. 

Perform all experi- 
ments with chlorin und- 
er a hood as the gas is 
very irritating to the 
lungs if breathed. 

Add about 10 cc. 
water to the contents of tlie test tube and filter. 
Evaporate the liquid, which is called the filtrate, 
to dryness in a small porcelain dish and note the 
formation of crystals. 
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Bend a small loop in a platinum wire, heat in 
a flame and while hot dip into a bottle of borax. 
Heat again until the borax melts into a clear bead. 
On this bead place a very small quantity of man- 
ganese dioxid and heat again. Note that the bead 
becomes a beautiful amethyst color. This is 
a characteristic test for manganese and its com- 
pounds. Test several different salts of manganese 
to see that they all give the same reaction with 
borax. 

To a small quantity of hydrochloric acid add 
a few drops of a solution of silver nitrate, (AgNOg). 
Note the white solid formed in the tube. This is 
silver chlorid and is formed with any salt of 
hydrochloric acid, i. e., any. chlorid is treated with 
a soluble silver compound. This then is a very 
characteristic test for hydrochloric acid and all 
its salts. 

Now test the salt made by evaporation of the 
liquid from the above experiment with the bead. 
What is the color of the bead? Dissolve a little of 
the salt in water and test with silver nitrate. 
What is the salt? How would you name it? 

Reaction. 

The hydrochloric acid combines with the man- 
ganese dioxid, setting free chlorin and forming the 
salt we have discovered and water. Try to write 
the reaction. * ' V 
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To make chlorin in quantity. 

Hydrochloric acid is made by heating com- 
mon salt (sodium chlorid) and sulfuric acid 
together. In making chlorin we may use this 
reaction instead of ready made acid i. e. mix salt 
with manganese dioxid and treat the mixture with 
sulfuric acid. 

Exp. 39. Mix one part by weight of manga- 
nese dioxid with about two parts of salt and place 
in a flask fitted with a stopper and delivery tube 
leading into an upright jar as in the figure. Treat 
the mixture *with dilute sulfuric acid (1 part water 
to 2 of acid,) heat and 
collect several cylind- 
ers of the gas. Cover 
with greased glass 
slips and set aside for 
further experiments . 
When the cylinders 
are full the yellow 
chlorin will run over 
the top. 

Gas collected by~~ ~" ' 

allowing it to flow into a jar in this way is said to 
be collected by '* downward displacement''. 

*Caution. — When concentrated sulfuric acid combines 
with water great quantities of heat are evolved. Great care 
must be taken when the two are mixed. Always pour the acid 
into the water.. Never pour water into the acid. If this caution 
is not observed very serious accidents may occur because often 
a sudden evolution of steam may throw hot acid over the experi- 
menter. 
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Reaction. This takes place in two stages. 
The first stage is that in which the hydrochloric 
acid is made. 

a. NaCl + H2SO4 = NaHS04 (sodium acid sul- 
fate) +HC1. 

b. MnOg + 4HC1 = MnClg (manganese chlo- 
rid) + 2C1 + 2H,0. 

PROPERTIES OF CHLORIN. 

Exp. 40. Hold a piece of moist blue litmus 
paper in the gas. Repeat with a moist piece of 
colored cloth or paper. Repeat same with dry piec- 
es. What takes place in the first case ? In the second ? 

Moist fabric only can be bleached in this man- 
ner. The chlorin combines with the hydrogen of 
the water forming hydrochloric acid, thus setting 
the oxygen free. When oxygen is first liberated 
from a compound it is a very active agent combin- 
ing with and destroying the coloring matter. When 
an element is first set free from its compounds it is 
said to be ^'nascent" i. e. just born. Elements in 
this state usually exhibit their ordinary properties, 
but in greater degree. 

Reaction. H^O + 2C1 = 2HC1 + 0. 

Exp. 41. Note carefully the odor of chlorin. 
Is the gas lighter than air? Try to pour some gas 
from one tube into another. 

Invert a cylinder of CI in water. What happens? 
What do you now know about the solubility of 
chlorin in w^ater? 
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Exp. 42. Lower a lighted taper into a jar of 
chlorin. Does the gas burn or support combus- 
tion? 

CHLORIN AND METALS. 

Chlorin has a great aflSnity for metals. In the 
nascent state it will combine with nearly all of 
them. 

Exp. 43. Pulverize some metallic antimony 
(Sb). Throw a small quantity of the powder into 
a tall jar containing chlorin. A compound of anti- 
mony and chlorin is formed, antimony trichlorid 
(SbCla). 

CHLORIN AND HYDROGEN. 

Chlorin forms one compound with hydrogen. 
This is hydrochloric acid (HCl) one of the most 
important acids known to science. 

HYDROCHLORIC ACID. 

Formula. HCl. Molecular weight 36.19. i 

Exp. 44. In a jar of chlorin burn a jet of J 

hydrogen. Continue until the yellow green color 1 

of the chlorin has disappeared. Note the liquid i 

forming on the sides of the jar. Note odor and j 

taste. Blow across the top of the jar. Note that 
the liquid fumes when the moisture of the breath 
comes in contact with it. 

HYDROCHLORIC ACID PROM SALT AND SULFURIC ACID. 

Exp. 45. To about 6 grams of common salt 
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placed in a flask or large test tube, arranged with a 
stopper and delivery tube, add 10 cc. dilute sulfuric 
(2 parts water to 1 part of acid see p. 30) . Heat 
gently and collect the gas by downAvard displace- 
ment as you did chlorin. Collect several jars, 
cover with glass slips and set aside. 

In working with hydrochloric acid it is abso- 
lutely necessary that the jars be dry, otherwise the 
gas is absorbed by the moisture and poor results 
will be obtained in nearly all the experiments. 

Reactions. — The reaction between the salt and 
the acid takes place in two different ways accord- 
ing as the salt or the acid is in excess. 

a. Acid in excess. NaCl + H2SO4 = NaHSOi 
(sodium acid sulfate) + HCl. 

b. Salt in excess. 2NaCl + H2SO4 =-= Na^SO* 
(normal sodium sulfate) + 2HC1. 

PROPERTIES OF HYDROCHLORIC ACID. 

Exp. 46. Solubility in water. Select a large 
dry bottle having a small short neck. Fill with 
dry hydrochloric acid gas by downward displace- 
ment. Tlie bottle is full when a rod dipped in 
ammonia (NH4OH) held at the mouth will give off 
dense white fumes. These are fumes of ammonium 
chlorid (NH4CI) . Close the mouth of the flask with 
a cork carrying a jet tube with the small end inside. 
Dip the neck of tlie bottle into a large beaker or 
bottle filled with water in which is a small 
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quantity of blue litmu8 solution. In a short time 
the liquid will rush up into the bottle. What is 
the cause? Why does the litmus change color? 
Can hydrochloric acid be collected ov^r water? 
How does the solubility of this acid 
compare with that of the element 
chlorin? 

Reaction for the formation of am- 
monium chlorid. NH.OH + HCl -= 
NH.Cl + H^O. 

Exp. 47. Test a bottle of the gas 
with blue litmus paper. Test with a 
burning splint. 

Exp. 48. We have already seen that hydro- 
chloric acid is soluble in water. Make a solution 
by passing the gas into water for several minutes. 
This is the way in which the commercial acid is 
made. 

To a small portion of thi« solution add a drop 
of silver nitrate solution ( AgNOj) . What happens ? 

Reaction. AgNO, + HCl= AgCl (silver chlo- 
rid) + HNO3 (nitric acid). ^«™ 

Try the same with a solution of lead acetate 

Reaction. Pb(C,H30,), + 2HCl^ PbCl, (lead 
chlorid) + 2HC2H3O2 (acetic acid) . ^^^'^» 

Repeat with mercurous nitrate. 

Reaction. HgNOj+HCl = HgCl (mercurous 
chlorid) +HNO2. w^^*^*^ 

Note— In all these experiments a single drop will suffice. 
Never use large quantities of reagents unless so directed. 
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Repeat experiment 48 with a solution of NaCl 
in water instead of HCl. 

SOLUBILITY OF METALS IN HYDROCHLORIC ACID. 

Exp. 49. Dissolve a small quantity of iron fil- 
ings in the acid from your table. Is a gas given off? 
Test with a burning splint. What is it? Repeat 
with Zn. 

In a small evaporating dish evaporate these 
solutions to dryness. Note what you have left 
from each solution after evaporation. You have 
two salts, one of iron and one of zinc. Hydrochloric 
acid dissolves metals to form salts. Not all metals 
are soluble in hydrochloric acid, though many are. 
Write all the reactions that are involved. 

Exp. 50. Place a very small piece of gold leaf 
in each of two test tubes. In one pour a few drops 
of hydrochloric acid solution and in the other an 
equal quantity of nitric acid (HNOs). Note the 
effect. Warm both tubes. Is there any change. 
Now pour the contents of the two tubes together. 

Gold is one of the few metals that hydrochloric 
acid will not dissolve. If however, the acid is 
decomposed by any agent so that it will give up 
its chlorin, the nascent chlorin will dissolve the 
metal. Such an agent is nitric acid (IINOa) . A 
mixture of nitric and hydrochloric acids is called 
Aqua Regia, '^King of Waters'', from the fact that 
it will will dissolve gold, ''The King of Metals". 

Reaction. 3HC1 + HNO3 --= (nitrosyl chlorid) 
NOCl + CI, + 2H,0. 
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ANALYSIS OF HYDROCHLORIC ACID. 

Exp. 52. Fit a long test tube with a tightly 
fitting rubber stopper. Fill the tube with hydro- 
chloric acid gas which lias been dried by passing it 
through a wash bottle containing concentrated sul- 
furic acid (Exp. 27. A.) Drop into the tube a few 
grams of powdered sodium amalgam, close and 
shake well. Place the mouth of the tube under 
water and open. Note the height to which the 
water will rise. Test the remaining gas with a 
flame. What is it? 

If the experiment has been properly performed 
there should be just half as much gas in the tube 
at the close of the experiment as at the beginning. 
One of the two constituents of the hydrochloric 
acid has been absorbed by the amalgam. 

We see that hydrochloric acid is composed of 
equal volumes of the two gases hydrogen and 
chlorin. 

This same truth can be proved by a syntheti- 
cal experiment. By mixing equal volumes of the 
two gases and then applying a flame to the mixture 
they will completely combine to form hydrochloric 
acid. The synthesis is, not well adapted to the use of the 
student 

Sodium amalgam. This is a compound of 
mercury (Hg) and the metal sodium. It may be 
purchased but is easily prepared if a few precau- 
tions are observed. Best prepared by the teacher. 
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For the amalgam 10 parts by weiglit of mer- 
cury are used for one of sodium. Place the mer- 
cury in a crucible under a hood and then put the 
sodium into it, having first cut the metal into 
thin slices. The sodium may best be brought into 
the mercury by means of a glass rod which has 
been drawn out to a point and bent at right angles. 
Protect the haijds with gloves ancj the eyes with 
large glasses. Be sure that the draught in the 
hood is good. 

After cooling, the amalgam may be shaken 
out of the mortar and pulverized. 

LA'W OF GAY LUSSAC. 
Note in the above experiment that one volume 
of hydrogen combines with one volume of chlorin 
to forfri two volumes of hydrochloric acid gas. 
Or, vice versa, two volumes of hydrochloric acid 
gas will decompose into one volume of hydrogen 
and one of chlorin. In a similar manner two vol- 
umes of hydrogen combine with one of oxygen to 
form two of steam. Many other experiments show 
that when two gases combine to form a product 
that may be studied in the gaseous state, their 
volumes are in a simple ratio to that of the product 
formed. This is called the Law of Gay Lussac. 

THE KINETIC THEORY OF GASES. 

A gas is supposed to be a form of matter which 
is composed of molecules moving about in a 
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medium which for want of a better name we call 
the *'ether". Gases in their movements exert 
pressure on the sides and bottoms of the vessels in 
which they may be contained, this pressure vary- 
ing with the temperature. The pressure is sup- 
posed to be due to the impact of the molecules 
against the walls. When a gas is heated the velo- 
city of the molecules increases and its pressure 
increases. Hence a gas has a greater pressure hot 
than cold. 

For example a volume of hydrogen is believed 
to be composed of a great number of the per- 
fectly elastic hydrogen molecules moving about 
with great rapidity, striking against the walls of 
the containing vessel, rebounding and flying in 
another direction until they strike another wall or 
other molecules, etc. 

The energy due to the movement of the mole- 
cule of a gas is known as kinetic energy or energy 
of motion. 

This is known as the Kinetic Theory of gases. 

AVOGADRO'S THEORY. 

It may be shown by a great number of experi- 
ments that gases expand uniformly on being 
heated. This is sometimes called the Law of Dal- 
ton or Charles. Likewise it may be proved 
that if a gas is confined in a closed space and 
the pressure is increased it will decrease in vol- 
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ume uniformly. This is called Boyle's Law. 

All gases show these same properties. Tliese 
properties can be explained if we assume that all 
gases contain in equal volumes, at like conditions 
of pressure and temperature^ an equal number oj 
molecules^ This theory was advanced by the Italian 
physicist Avogadro and receives its name from 
him. 

If this theory is correct and we have every 
reason to think that it is, we can explain the action 
of chlorin and hydrogen in combining to form 
exactly two volumes of hydrochloric acid gas. 
Many jother facts of chemistry become clear that 
would be almost impossible to explain if any other 
nature was assigned to gases. 

RELATION OF THE WEIGHTS OP EQUAL VOLUMES OF 
GASES TO THEIR MOLECULAR WEIGHTS. 

Since the weight of a volume of a gas is equal 
to the sum of the weights of tlie molecules com- 
posing it, by comparing the weights of equal vol- 
umes of different gases we can determine the rela- 
tive weights of the molecules composing these 
gases. 

For example suppose we have equal volumes 
of two different gases under like conditions. These 
volumes are made up of equal numbers of mole- 
cules. Let us say that the number of molecules is 
equal to n. Let the weights of the molecules in 
the two stages equal x and y respectively. 
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Then nx is the weight of the first gas and ny that 
of the second. Hence. — nx : ny : : x : y. or the 
weights of the molecules of the first gas are to 
those of the second as the weight of a volume of 
the first is to that of an equal volume of the second. 

The weight of a gas as compared with that of 
dome other gas taken as a standard is known as its 
specific vmght Now we may state our law in a new 
form i. e. t?ie molecular weights of gases are to eax^h 
other as the specific weights of those gases. 

Hydrogen is taken as the standard of specific 
weights for gases because it is the lightest gas 
known. For common work air may be used 
instead of hydrogen. Its specific weight in terms 
of hydrogen has been carefully determined, so it 
may be taken as a standard. 

THE HYDROGEN MOLECULE CONSISTS OF AT LEAST 
TWO ATOMS. 

Molecules, as we have learned, are complex. 
They consist of more than one atom. The hydro- 
gen molecule consists of two atoms as can be 
demonstrated in the following manner. Suppose 
as in the last experiment we combine a volume of 
hydrogen with one of chlorin. The result is a vol- 
ume of hydrochloric acid gas equal to the sum of 
the two volumes of the component gases i. e. 
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Let us suppose that the volume of hydrogen 
contains 100 molecules. Each molecule of hydro- 
chloric acid is composed of one atom of H with one 
of CI. In each volume of HCl there would of 
necessity be 100 atoms of H, or 200 atoms in the 
two volumes. This can only be explained by 
allowing two atoms for each molecule of hydrogen. 

The same course of I'easoning may be applied 
to the volume of chlorin and it may be proved that 
the chlorin molecule must consist of two atoms. 

Again when oxygen and hydrogen combine to 
form water we know tliat two volumes of hydro- 
gen and one of oxygen will form two volumes of 
steam, i. e. water in the gaseous form. 
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Each molecule of water is composed of two 
atoms of hydrogen and one of oxygen so the vol- 
umes of these gases must be made up of molecules 
containing two atoms each. 

RELATION OP THE MOLECULAR WEIGHTS OF GASES 
TO THEIR ATOMIC WEIGHTS. 

We have already learned that the atomic 
weiglit of an element is the weight of its atom as 
compai^ed with the weight of an atom of hydrogen. 
We cannot weigh the atom but we can determine 
the weights of two equal volumes of gases. From 
these weights we may determine the atomic 
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weights. For example, a volume of oxygen is 16 
times as heavy as an equal volume of hydrogen at 
the same temperature and pressure. As the hydro- 
gen molecule contains two atoms the weight of a 
molecule of oxygen is 2X16=32. The quantity 
32 is called tlie Molecular Weight of oxygen. 

In a similar manner it may be shown that' the 
molecular weights of most gases are equal to their 
specific weights as compared with hydrogen, mul- 
tiplied by 2. 

The weight which we assign to an element as 
its atomic weight is the least weight that can enter 
into any of its compounds. We may determine 
these weights by many different methods using the 
molecular weight as the starting point. For 
example, water has a molecular weight of 18. We 
determine it by comparing a volume of hydrogen 
with an equal volume of steam, water in the gas- 
eous form. The weight of steam is 9 times that of 
hydrogen under the same conditions. The mole- 
cule weighs 2X9=18. By analysis water may 
be shown to contain 88.88% of oxygen and 11.11% 
of hydrogen. If then we calculate the actual 
parts by weight of the two elements in 18 parts by 
weight of w^ater, we have the following: 88.88% 
of 18is about 16, and 11.11% of 18 is about 2. If 
we make this calculation in the case of a great 
number of oxygen compounds of which we know 
the molecular weights w^e shall find that the number 
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16 represeats the least weight of oxygen that can 
enter into combination. This then is the atomic 
weight of oxygen. 

The same method of reasoning may be applied 
to many other elements and their atomic weights 
calculated in the same way. 

SPECIFIC GRAVITY. 

The specific gravity of a substance is its 
weight as compared with the weight of an equal 
volume of another substance taken as a unit. 

The standard for gases is hydrogen and its 
specific gravity is 1. To determine the specific 
gravity of any other gas we have simply to com- 
pare the weight of a volume of the gas with that of 
an equal volume of hydrogen. Although hydrogen 
is the standard, air is more often used because of 
the greater convenience, and then, as the ratio of the 
weight of air to that of hydrogen is known the gas 
whose specific gravity it is desired to determine 
can be easily referred to hydrogen. 

Water is taken as the standard for liquids and 
solids. Of these standards hydrogen and water, 
hydrogen has been chosen because it is the lightest 
gas known and water because of its convenience. 
Any other gases or liquids might have been chosen. 

When we say that sulfuric acid has a specific 
gravity of 1.84 we mean that one volume of the 
acid i. e. 1 cc, 1 liter, 1 cubic foot, etc. weighs 
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exactly 1.84 times as much as an equal volume of 
water. 

The term specific density or simply density is 
applied to gases alone and is the weight of a gas 
compared with that of an equal volume of hydro- 
gen. 

PROBLEMS. 

1. If 1 liter of CI weighs 3.136 g. how many 
liters can be obtained from 1000 g Mn O2 and HCl? 

2. How much salt (NaCl) would be required 
to make 50 grams of CI? 

3. What would be the weight of Na^SO^ form- 
ed in the preparation of 100 liters'Cl? 

4. What would be the quantity of zinc with 
which 100 g. HCl would combine if the acid had a 
purity of 36%? 

BROMIN. 

Symbol Br. Atomic weight 70.36. 

Discovered by Balard in 1826. 

The name comes from the Greek and means a 
*' bad smell". 

Preparation. Bromin has such a disagreeable 
odor that it should only be made in small quanti- 
ties and under a hood. 

Exp. 53. Pulverize two or three crystals of 
potassium bromid, KBr. Mix with an equal 
amount of manganese dioxid, MnO.^. Place in a test 
tube then add a mixture of 5 cc. water and 1 cc. of 
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concentrated sulfuric acid. Warm gently and the 
brorain will be given off in the form of vapor. 

Reaction. This takes place in two stages as in 
tlie case of chlorin. Hydrobromic acid is first 
formed . 

a. KBr + H^SO, = KHSO, (acid potassium 
sulfate) + HBr (hydrobromic acid). 

b. MnOg + 4HBr = MnBrg (manganese brom- 
id) + Br^ + 2H2O. 

Tliese two reactions take place practically at 
the same time and a third reaction takes place 
between the manganese bromid and the sulfuric 
acid so that'the final salt of manganese is manga- 
nese sulfate MnSO^. 

c. 2KBr + MnO^ + SH^SO, = 2KHS0, + Mn- 
SO, + 2H2O + Br^. 

Exp. 54. Note the color of the bromin, then 
carefully its odor. Be careful not to inhale too 
much. Test the gas with a burning splint. Test 
as you did chlorin with blue litmus paper or with 
colored cloth. Is there any similarity in the action 
toward dyes between chlorin and bromin? 

Exp. 55. Cork the tube of Exp. 53, invert 
and place the mouth of the tube under water. 
Remove the cork. Is bromin as soluble in water 
as chlorin? 

Exp. 56. Make a little chlorin water by heat- 
ing a few crystals of potassium chlorate with 
concentrated hydrochloric acid in a test tube. 
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Dissolve a crystal of potassium broraid in water, 

add a few drops of the chlorin water and note the 

result. Bromin is set free. To prove this, add 

one or two drops of carbon disulfid, CSg, to the 

solution and shake. When the CSg has settled note 

its color. This is a very common test for bromin. 

Note— Carbon disulfid is substance very much used in 
organic chemistry as a solvent. 

Reactions, a. To show the formation of 
chlorin from KCIO3 and HCl. 

2KC103+4HC1=:2KC1 (potassium chlorid) + 
2H2O + 2CIO2 (chlorin dioxid) +CI2. 

b. KBr+Cl=KCl+Br. 




Exp. 57. Starch paste test for bromin. Make 
a thin starch paste and add a little to a solution 
containing bromin. Shake well and note the 
color. 
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Exp. 58. Action of bromia Oil metals. Danger. 
Under a hood in good working order, place a test 
tube containing 2 or 3 drops of bromin. Into this 
drop a small piece of metallic antimony (Sb). It 
will burn on the surface of tlie liquid. Protect the 
hands with gloves and the eyes witli glasses. 

BROMIN ANT) HYDROGEN. 

Bromin like chlorin forms but one compound 
with hydrogen. This is hydrobromic acid HBr. 

HYDROBROMIC ACID. 

Formula HBr. Molecular weight 80.36. 

Exp. 59. Try to make hydrobromic acid as 
you did hydrochloric using KBr instead of NaCl. 
Follow Exp. 45. 

Over the mouth of the tube hold a rod dipped 
in ammonia. What is formed? Compare with 
Exp. 46. Write the reaction. Invert the tube in 
water. Is hydrogen bromid soluble? 

Exp. 60. In a test tube under the hood place 
a few drops of bromin. Into the tube introduce a 
burning jet of hydrogen. Note the fuming gas 
formed. Note odor and action on litmus. 

Exp. 61. To a portion of a solution of hydro- 
bromic acid in water, or, what will do just as well, 
a solution of potassium bromid in water, add a few 
drops of lead nitrate. To another portion add a 
few drops of silver nitrate and to another a few 
drops of mercurous nitrate. Lead bromid, PhBr^, 
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silver bromid, AgBr, and mercurous bro- 
mid, HgBr, are formed. Write the reactions. 
They are analogous to those in Exp. 48. 

lODIN. - 

Symbol I. Atomic weight 125.91. 

Discovered by Courtois in 1811. 

The name comes from the Greek meaning ''of 
a violet color". 

Preparation. 

Exp. 62. Heat together a few crystals of 
potassium iodid (KI) mixed with manganese diox- 
id and sulfuric acid as in Exp. 53. It is not 
necessary to use a hood if the iodin is made in 
small quantities. Write the reaction. It is ana- 
logous to that in Exp. 53. 

Exp. 63. Note the color and odor of iodin 
vapor-. Is the vapor heavier or lighter than air? 
Test with a burning splint, with litmus paper, with 
colored cloth. How does the bleaching action com- 
pare with that of bromin and chlorin? Is iodin a 
solid, liquid, or gas? Invert the tube in which 
iodin was made in water. Is iodin soluble in 
water? 

Exp. 64. Make a solution of potassium iodid 
in water. Add a few drops of chlorin water, add 
CS^, shake and note the color. Repeat with a solu- 
tion of bromin in water instead of chlorin. 

Try the above with starch paste instead of 
CS,. 
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lODIN AND METALS. 

Exp. 65. Under a hood in a test tube or 
small crucible heat together a few crystals of iodin 
and a little mercury. Beautiful crystals of mer- 
curic iodid, Hglj, will be formed. 

Exp. 66. Iodin and phosphorous. 

Phosphorous is a substance which combines 
very readily with iodin. This experiment should 
be performed under a hood. Carefully dry a small 
piece of phosphorous not larger than a grain of 
wheat or apple seed, on blotting paper. Handle 
with forceps to prevent being burned. Lay the 
little piece on a board and on it place a crystal of 
iodin. The phosphorous takes fire. 

Reaction. P + 31 = PI3. (phosphorous tri- 
iodid.) 

Scrape up as much of the PI3 as possible and 
save for a later experiment. 

Exp. 67. In each of four test tubes place a 
few crystals of iodin. In one pour a few drops of 
water, in another, carbon disulfid, in' the third, 
alcohol, CjHgOH, and in tlie last a solution of KBr 
in water. Shake each tube. Which is the best 
solvent of iodin ? 

HYDRIODIC ACID. 

Formula HI. Molecular weight 126.91. 

Exp. 68. To a small quantity of water add 
a little PI3. Hydriodic acid is formed according 
to the reaction. 
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Pl3+3H20=H3P03 (phosphorous acid) +3HI. 

To prove that the HI is present, add a few 
drops of mercuric chlorid (HgClg) to the above 
solution and note the color of the mercuric iodid 
formed. This is a good test for hydriodic acid and 
the salts derived from it. 

Exp. 69. Hydriodic acid from iodin and hyd- 
rogen sultid (HgS). Place two or three crystals of 
iodin in a test tube, add ten cc. water and heat 
until the iodin goes into solution. Run into tlie 
solution -hydrogen sulfid gas until the brown 
color disappears. Boil the solution until it no 
longer smells of H^S. We now have a dilute solu- 
tion of hydriodic acid containing another element, 
sulfur (S) in the form of a fine powder. This 
powder will settle after the solution has stood 
some time or mav be partially removed by filtra- 
tion. 

Exp. JiL To a small quantity of the solution 
add a little mercuric chlorid, (HgClg), try another 
portion with silver nitrate (AgNOj), and a third 
with lead nitrate Pb(N03)2. Write the reactions. 

Try same using a solution of KBr in water. 

PROBLEMS. 

1. What weight of HF can be obtained from 
10 g. CaF^? 

2. What weight of KOH would be necessary 
to neutralize the above amount of HF? How 
much KF would be forjned? 
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3. What is the percentage of HCl in a solu- 
tion of which 17 g. will dissolve 2 grams of metal- 
lic magnesium? What volume of hydrogen would 
be liberated in the reaction at 755 mm. pressure 
and temperature of 30°C? 
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COMPARISON OF THE HYDROGEN COMPOUNDS OF THE 
HALOGEN ELEMENTS. 
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THE OXYGEN FAMILY. 

There are four elements that show the same 
relationship to one another that the halogens do. 
These are the common elements oxygen and sulfur 
and the rarer selenium and tellurium. The last 
are so much like the former in their properties and 
in the compounds which they form that no experi- 
ments are given. For th^ir relationship to oxygen 
and sulfur see the table P. 

SULFUR. 

Symbol S. Atomic weight 31.98. 

Sulfur is an element which has been known so 
long that no date can be given for its discovery. 

Sulfur occurs widely distributed in nature both 
in the free form and in compounds such as sulfates, 
sulfids etc. It is found free near volcanoes, espec- 
ially in Sicily. In this country it is found in Cali- 
fornia, Nevada, Louisiana and other places. In 
volcanic regions it is also found as hydrogen sul- 
fid, (HgS) and as sulfur dioxid (SOg.) 

Exp. TL Examine a piece of roll sulfur, 
(brimstone.) State as many of its properties as 
possible. Examine some fine sulfur, precipitated 
sulfur or flowers of sulfur. Compare with the 
brimstone. 

Exp. 72. Preparation. Sulfur is probably 
made in volcanic regions by the combination of the 
two gases H2S and SOg. Fill a bottle or bell jar 
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with sulfur dioxid by burning a small quantity of 
sulfur in it. Lower the sulfur into the jar with 
HgS from a generater. Bring the twp together 
mouth to mouth. Note the precipitate on walls. 
What is it? 

Reaction. SO^ + 2H,S -= 2H2O + 3S, or when 
equal parts of the two gases are present. 

5S0g + 5H2S = 4H2S6O6 pentathionic acid. 

The above experiment may be performed in 
this way. Into a bottle filled with SO2 lead HgS 
from a generator. The S will be deposited as 
before. 

ALLOTROPIC FORMS OF SULFUR. 

Sulfur like oxygen exists in several different 
forms. 

Exp. ~"f8t Crystalline sulfur. In a small 
cheap beaker place about 50 grams of roll sulfur 
and heat to melting. Allow to cool and when a 
crust forms over the top, break a hole in it and 
pour the molten sulfur into a beaker of cold water. 

Examine the crystals and note form color, etc. 
Allow to stand for several days and then examine 
again. What is happening to them ? 

Examine the sulfur which was poured into 
water. Tljis is another allotropic form called 
amorphcms to distinguish it from the crystalline 
form. Remove this amorphous sulfur from the 
water and allow to stand for several days. Again 
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examine. What seems to be the most general form 
of sulfur? 

Exp. 74. Pulverize a small piece of roll sul- 
fur and shake up with car'bon disulfid in a test 
tube. Pour into a small dish and allow the sol- 
vent to evaporate. Note the color and shape of 
the crystals formed. Keep the CS^ away from a 
flame as it takes fire very easily. 

SULFUR AND OXYGEN. 

Exp. X5j^ Burn a small quantity of sulfur in 
a deflagrating spoon in a jar of oxygen or air. 
Note the color and odor of the gas formed. This 
gas is a compound of sulfur and oxygen called sul- 
fur dioodd having the formula SOg. 

Pour a few^ drops of water into the jar and 
shake. Taste the liquid and test with blue lit- 
mus paper. What are the properties of the solu- 
tion? An acid has been formed called sulfurous 
acid, -HgSOs. Because SOg w^ill combine with w^ater 
to form an acid it is an acid anhydrid. 

How many classes of salts can sulfurous acid 
form? How would they be named? 

Exp. 76. In a jar of sulfur dioxid hold a 
moist colored flower. Try the same with a moist 
straw. Does the color change in each case? Do 
you know of any practical application of this prin- 
ciple ? 

Prepare dilute sulfuric acid by mixing 3 diops 
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of concentrated sulfuric acid with 3 cc. of water. 
Dip the bleached flower in this solution. Does the 
color return? 

Reaction. The sulfur in bleaching combines 
with the oxygen of the water with which the flower 
is moistened and forms a higher oxid of sulfur, sul- 
fur trioxid (SOs). Hydrogen is set free and this 
combines with the coloring matter forming color- 
less compounds. The SOa as soon as formed unites 
with water forming sulfuric acid (HjjS04). 

a. SO, + H;0 = SO3 + H2. 

b. SO3 + H,0 = H,S04. 

As sulfur trioxid will combine with water to 
form sulfuric acid it is the anhydrid of sulfuric 
acid. (See page 19.) 

The change made by the sulfur dioxid is only 
temporary. The color may be restored by dipping 
the material in dilute acids or by exposing, it to 
the air. The coloring, matter is not destroyed as 
in the case of a chlorin bleach. Evidently the 
hydrogen merely combines with the coloring mat- 
ter to form a new compound that has no color and 
the original compound is made again when the 
fabric is treated witli an acid. Or the action may 
be one of reduction i.e. the hydrogen combines with 
the oxygen of the coloring substance. Any agent 
which will readily combine with oxygen is called a 
rediLcing agent and the process of taking oxygen 
away from a compound is called reduction. On the 
other hand any substance which will give up oxy- 
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gen to a compound is an ooddizing agent and the 
process of adding oxygen to a substance is called 
oocidation. Oxidation and reduction are comple- 
mentary processes. Whenever one occurs the other 
does also. For example in the above reaction, 
H2O + SO, = SOs + H,. The amount of oxygen 
combined with the sulfur is changed from two to 
three atoms hence the SOg is oxidized. On the 
other hand oxygen is taken away from H^O so Hfi 
is reduced to H^. In an earlier example, CuO + 
Hg = HjO + Cu, here the CuO is reduced and the 
H oxidized. 

Sulfur and potassium chlorate KClOs. 

Sulfur is a very strong reducing agent, that is, 
it will combine readily with oxygen. If sulfilr is 
brought into contact with a substance which is 
easily reduced i. e. an oxidizing substance, it will 
combine with almost explosive violence. A sub- 
stance which gives up its oxygen very readily is 
potassium chlorate. 

Exp. 77. Pulverize about half a gram of pot- 
assium chlorate, mix carefully with an equal quan- 
tity of fine sulfur. Divide the mixture into two 
parts. Place half in a little pile on an anvil or 
piece of metal and strike with hammer. 

SULFUR AND METALS. 

Exp. 78. . Heat 50 or 60 grams of flowers of 
of sulfur in a small flask until the sulfur vapors 
burn at the mouth of the flask. Make a spiral of 
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fiae copper wire by winding it around a pencil or 
glass tube. Heat to redness and lower into flask 
where it will burn with a brilliant flame. 

Exp. 79. Mix equal quantities of sulfur and 
fine iron filings and heat gently. The two combine 
with great energy. Cool and break the tube. Ex- 
mine the contents. 

Reaction. Fe + S == FeS (ferrous sulfid) . 
Save for a later experiment. 

Exp. 80. Mix 6 grams of zinc dust with 3 of 
powdered sulfur. In mixing do not use pressure 
as this may cause the mixture to explode. Care- 
fully light the mixture using a long taper or splint. 
Examine the residue. Save the residue for a later 
experiment. 

Reaction. Zn (zinc) + S -= ZnS (zinc sulfid.) 

SULFITR AND HYDROGEN. 

There are two compounds of hydrogen and 
sulfur. Sulfur forms a compound analogous to 
hydrogen dioxid (HgOg) called hydrogen disulfid 
or persultid. This has the formula HjSj. It is an 
oily yellow liquid having a disagreeable odor. It 
has little importance. 

The other compound called hydrogen sulfid 
(HgS) is of great importance especially in analy- 
tical chemistry where it is much used to separate 
certain metals. 
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HYDROGEN SULFID. 

Formula H-^S. Molecular weight 33.82. 

Hydrogen sulfid is first mentioned by the 
Alchemists of the fourth and fifth centuries but 
was not accurately described until the sixteenth. 

Experiments with hydrogen sulfid should be 
performed under a hood as it is a very disagreeable 
and poisonous substance. ' 

Preparation. 

Exp. 81. a. Treat a little of the ferrous sul- 
fid of Exp. 79 with dilute hydrochloric acid. Note 
the odor, color, action towards a flame, towards 
blue litmus paper, etc. In the gas hang a piece of 
paper moistened in a solution of some salt of lead. 
Either lead acetate Pb (CgHsO,) or lead nit- 
rats Pb (NOs) may be used. Note that the paper 
blackens. This is due to the formation of lead sul- 
fid (PbS) Pb. (NOs), + HsS^PbS + 2HN08 (nitric 
acid.) 

When the hydrogen sulfid burns what is form- 
ed? Write the equation. From the action on lit- 
mus paper how would you classify hydrogen sillfid? 

Reaction for formation of HgS. 

Feg + 2HC1==,S +HFeCl, (ferrous chlorid.) 

b. Repeat Exp. 81 using the zinc sulfid made 
in Exp. 80. 

Reaction. ZnS + 2HC1 = H^S + ZnCl, (zinc 
chlorid.) 

Instead of hydrochloric acid we may use ^ ilute 
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sulfuric. Write the reactions for sulfuric acid and 
zinc sulfid ; for FeS. 

Hydrogen sulfid- from its elements sulfur 
and hydrogen. 

Exp. 82. In a bulb of hard glass as shown in 
the figure,, place a small quantity of sulfur and 




heat. Over the hot sulfur pass a slow stream of 
hydrogen from a generator. Test the hydrogen 
first to see that it is free from air. 

At the outlet of the bulb tube hang a piece of 
paper dipped in lead acetate solution. Does it 
blacken? Can you detect the odor of H2S? Write 
the reaction. 

THE KIPP'S APPARATUS. 

To make hydrogen sulfid in large quantities 
we use the same method as in Exp.>81 a. But we 
make use of a device called theKipp's apparatus 
named after its inventor. It consists oT tin re larg 
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bulbs of glass, fclie two lower bulbs (b) aacl (e) 
being joined together while (a) having a long stem 
like a funnel is made to fit into (b) snugly and 
extends nearly to the bottom of (e) the lower bulb. 
The apparatus to be used must 
be charged as follows : First 
introduce a piece of glass wool 
or loose asbestos through the 
opening at (m), then through 
the same opening fill bulb (b) 
half full of large pieces of fer- 
rous sulfid. The glass wool 
prevents small pieces of sulfid 
from falling into the lower bulb 
(e). Next close the opening 
(m) with a cork carrying a glass 
tube with a stop cock. In the top of the first bulb 
(a) place a cork containing a safety tube (t). Now 
through this tube pour a mixture of one part sul- 
furic acid to eight or ten of water, or hydrochloric 
acid (one to three) until the lower bulb is full and 
the acid covers a portion of the ferrous sulfid. 
Hydrogen sulfid is generated and escapes through 
the tube at (m) . When you wish to stop the 
apparatus close this stop cock and the pressure of 
the gas forces the acid doWn into the bulb (e) and 
from there into bulb (a). The opening at (n) is 
intended for use in cleaning out the apparatus. 
Such an apparatus should be used under a 
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hood as the hydro^ea siilfid is very poisonous and 
should never be inhaled. 

HYDROGEN SULFID AND METALS 

Exp. 83. Pass gas from a Kipp's apparatus 

into test tubes containing solutions of (a) copper 

.sulfate (CUSO4), (b) mercuric chlorid (HgCl,), (c) 

lead acetate, Pb(C2H80i)2, (d) arsenic oxide(As203). 

Note colors in eacli case. 

Reactions. OuS04+H2S=CuS (copper sulfid 
+H,S04. 

HgCl,+H,S-HgS (mercuric sulfid) + 2 HCl. 

Pb(C,H30J, + H^S^PbS (lead sulfid) + 2 
HC.2H8O2. 

AsaOs + 3 H,S = AsaSa (arsenic sulfid) + 3 
H,0. 

Exp. 84. Pass hydrogen sulfid into a solution 
of ferric chlorid (FeClg). It is reduced to ferrous 
chlorid and sulfur is precipitated. 

Reaction. 2 FeCls + H2S = 2 HCl + 2 F '% 
(ferrous chlorid) + S. 

Note . Precipitation . 

Many of the sulfids are insoluble in water, 
therefore when the gas is passed into solutions of 
certain metals these are thrown down or precipi- 
tated to the bottom of the test tube. A precipitate 
then is a solid formed from a substance that has 
been in solution. 
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HYDROGEN SXJLFID AND THE HALOGENS. 

Exp. 85. Make a little chlorin water by heat- 
ing a few crystals of potassium chlorate with con- 
centrated hydrochloric acid. Into this solution 
run HgS from a generator such as the Kipp's appa- 
ratus. Note the light yellow precipitate formed. 
Filter and burn the filter paper in the burner flame. 
Note the odor of the burning paper. What was the 
precipitate ? 

Try the same with bromin water, with a solu- 
tion of iodin in water. In the last case filter out 
the precipitate then boil the liquid that runs through 
the paper until free from the odor of H^S. This 
liquid which runs through is called the filtrate. 
Test this filtrate with a solution of lead nitrate, 
with mercuric chlorid, and note the color of the 
precipitates formed. See Exp. 70. What com- 
pound has the iodin formed with the HjjS? 

Reactions. 

a. 2K01O8 + 4HC1 =2C10,+ 2H,0 + 2C1 

+ 2 KCl. 

b. H,S + 2C1 = 2HC1 + S. 

c. H^S + 2Br = 2HBr + S. 

COMPOUNDS OF SULFUR, HYDROGEN AND OXYGEN. 

We have already learned that sulfur and oxy- 
gen combine to form two compounds, sulfur dioxid 
(SOJ and sulfur trioxid (SOs). These are the anhy- 
drids of two acids, sulfurous (H^SOs) and sulfuric 
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acid (HiiSOi). The former has but a limited use, 
chiefly for bleaching, but the other, sulfuric acid, 
is one of the most important compounds known to 
science. By means of sulfuric acid many other 
compounds are made There is hardly a trade or 
industry in which this acid is not used in some way 
or other. 

There are many other acids of sulfur bub none 
of any great importance as compared with the two 
named. 

SULFURIC ACID. 

Formula, H2SO4 Molecular weight, 98. 

Sulfuric acid was known to the Arabian al- 
chemist Geber as early as the 8th century. It w^as 
first described by Basil Valentine in the 15th cen- 
tury. 

PREPARATION. 

Exp. 86. To a small quantity of sulfur tri- 
oxid add a few drops of water. Note the hissing 
sound with which the two combine. Dilute the 
liquid thus made about ten volumes and then taste. 
Test with blue litmus paper. Examine a little 
commercial acid and test in the same way. 

Sulfuric acid is made commercially by com- 
bining sulfur dioxid (SO2), a gas called nitrogen 
dioxide (NOg) and water in the^ form of steam. 
These are brought together in large chambers made 
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of lead.* The acid collects on the bottom of the 
chambers, is drawn off and concentrated. 

The lead chamber process can be imitated on 
a small scale as follows. 

Exp. 87. A large glass globe A is closed with 
a cork containing live glass tubes as shown in the 
figure. Four of these tubes reach nearly to the 
bottom of the globe, while one serves as an escape 
valve F. One of the tubes is connected with a 
flask D containing strong sulfuric acid and copper 
turnings for the generation of sulfur dioxid. An- 
other, B, contains copper turnings and dilute nitric 
acid for the generation of nitric oxid and the 
last C contains water for the formation of steam. 




The tube marked E is used to renew the supply of 
air from time to time during the process. 

Begin the experiment by heating flask D. 
When this reaction begins pour dilute nitric acid 



*For a description of the lead chamber process see any 
complete chemical text. Very good descriptions are to be 
found in Roscoe and Schorlemmer'a Treatise on Chemistry, and 
in Wagner's Chemical Technology. 
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into B (one part acid to three of water) and allow 
steam to enter the large bulb from C. It is well 
to have the water in C almost boiling when the 
nitric acid is placed in B. The main thing is to 
so time the reaction as to allow neither sulfur di- 
oxid nor nitric oxid to escape into the room. The 
reactions which take place in the various parts of 
the apparatus are as follows : 

D. Cu + 2 H2SO4 = CUSO4 (copper sulfate) 
+ SO, + 2H,0. 

B. 3 Cu + 8 HNOs (nitric acid) = 3 Cu (NOs), 
(copper nitrate) + 2 NO (nitric oxid) + 4 HjO. 

A. NO + O (oxygen from the air) == N0« (ni- 
trogen dioxid sometimes called tetroxid). 

A. SO, + NOi = SOs (sulfur trioxid) +*N0. 

A. SOa + H2O = H,S04 (sulfuric acid). 

The reaction is claimed by many chemists to 
be mucli rilore complex than here indicated, but the 
above is a general explanation of what takes place 
in the sulfuric acid factory. The supply of oxy- 
gen must be renewed in globe A whenever the red 
fumes of nitrogen dioxid can no longer be seen. 

Exp. 88. After some acid has collected in the 
bottom of the receiver allow the apparatus to cool 
and test a small quantity with barium chlorid 
(BaGlJ. Note the precipitate. Try the same with 
dilute acid from your table. Are the two results 
the same? 

Reaction. BaCl^ + H^ SO4 = BaS04 (barium 
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sulfate) + 2 HCl. The nitrogen dioxid serves as a 
carrier of oxygen from the air to the sulfur dioxid 
as the latter is not capable of taking up the oxygen 
directly. 

The test with barium chlorid is the most com- 
mon test for sulfuric acid. 

The acid which you have made may be con- 
centrated by evaporation in a porcelain dish over a 
water bath. 

SULFURIC ACID AND WATER. 

Sulfuric acid has so great an affinity for water 
that the two will combine with great evolution of 
heat. The acid can extract water from many sub- 
stances in which it is combined. 

Exp.^SL In about 50 c. c. of water in a beaker 
or evaporating dish place a thermometer. Now 
pour in about 10 c. c. of concentrated sulfuric acid. 
Does the temperature rise? 4"J ^ 

Exp. 90. To a small quantity of sugar in a 
test tube add a few drops of concentrated sulfuric 
acid. Note that the sugar blackens. Try the same 
with a bit of wood. These two substances are typ- 
ical organic compounds and are composed of three 
constituents, carbon C, hydrogen and oxygen. 
Sugar, for example, has the formula CwHa^Ou. 
Note that the hydrogen and oxygen are present in 
just the right proportions to form water. The sul- 
furic acid combines with these two elements and 
sets the carbon free. 
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COMPARISON OF THE ELEMENTS OP THE OXYGEN 
FAMILY. 

We have already noted tliat the three elements 
sulfur, selenium and tellurium have properties 
very similar to those of oxygen. These are chem- 
ical rather than physical properties as the latter 
differ widely. The four elements show about the 
same variation in physical properties that the Hal- 
ogens do. The element of lowest atomic weight 
is a colorless gas, the next a solid, selenium is a 
heavier solid and tellurium a solid having marked 
metallic characteristics. Tlie first element of the 
family is a strong non-metal and all the following 
elements are less non-metallic, i. e., partake more 
and more of the nature of a metal. In short, the 
physical properties of the elements vary with their 
atomic weights. 

The chemical properties are very much alike. 
All form compounds with hydrogen in the ratio of 
one part of the element to two of hydrogen. Thus 
there are these compounds, water (H^O), hydrogen 
sulfid (HgS), Iiydrogen selenid (H2Se) and hydrogen 
tellurid (HjTe). These four compounds are analo- 
gous to the four formed with the halogens and hy- 
drogen. They vary in stability with increasing 
molecular weight, i. e., H^O is a very stable com- 
pound, HgS less so, and the other two are so unsta- 
ble that they can be made only with difficulty. 
The same variation is to be noticed in the four 
compounds, HF, HCl, HBr and HI. 



i 
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All of these elements with the possible excep- 
tion of tellurium exist in two allotropic forms. All 
except oxygen form compounds with oxygen which 
are acid anhydrids These acids are of little im- 
portance except in the case of sulfur so they will 
nob be studied in detail. The study of this group 
is not completed so that the elements cannot be 
compared with respect to all their properties, 



COMPARATIVE TABLE OF THE OXYGEN FAMILY. 
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THE NITROGEN FAMILY. 

There are five elements which because of their 
similar chemical compounds are classed together. 
These are 

Nitrogen Symbol N. Atomic weight 14.03 

Phosphorus P 31. 

Arsenic As 75. 

Antimony Sb(stibium) 120, 

Bismuth Bl 808.9 



NONMETALLIC ELEMENTS 181 

Notice that the difference in atomic weight is 
greater between antimony and bismuth than be- 
tween any other two elements. It is believed that 
there is an unknown element that has an atomic 
weight between 120 and 208.9. This element 
would have properties varying between those of 
bismuth and antimony. 

The last three ^ments in the above list are 
often classed with the metals and they will be again 
discussed under tlie subject of metals. 

After the properties of the elements of this 
group have been discussed they can be compared 
cis the elements of the other groups have been. 
NITROGEN. 

Symbol N. Atomic weight 14.03. 

Discovered by Prof. Rutherford, of Edinbor- 
ough, in 1772. 

The name comes from the ancient name for 
saltpeter, and a Greek word meaning '* to give rise 
to." Saltpeter is potassium nitrate, KNOs. 

Nitrogen occurs free in the atmosphere, of 
which it composes about 4-5, or 80 per cent., and 
in combination as nitrates, nitrites and ammonia. 

The most simple method of preparation is 
from the air. 

Exp.^1. Nitrogen from the air by means of 
phosphorous. In a slice of cork about half an inch 
thick and smaller than the mouth of a large bottle 
or jar, make a cavity and line with plaster of paris. 
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Make a paste by mixing the plaster with a little 
water. When the plaster is dry, place a dry piece 
of phosphorus about as large as a pea on the cork, 
float it on water in a basin filled with water, ignite 
the phosphorus with a hot wire and invert the bot- 
tle over it. 

Reaction, 2 P (phosphorus) 4-50= PaOi 
(phosphorus pentoxid). 

PO5 + 3 H^O = 2 H8PO4 (phosphoric acid). 

Note carefully the burning of the phosphorus. 
At last it will stop burning, although it may not 
all be consumed. Why? What is necessary in the 
air for combustion? 

Note the white vapor. It is phosphorus pen- 
toxid. It will be gradually ab- 
sorbed and the gas in the bottle 
will become transparent, then 
you have nearly pure nitrogen 
left. Remove the bottle from 
the water, using a glass slip to 
cover it. Insert a burning 
splint. Does nitrogen burn or support combustion? 
What caused the phosphorus to burn? Why do 
we need any nitrogen in the air? 

What is the proportion of the volume of nitro- 
gen to the original volume of air? 

Exp. 92, Taste the water from exp. 91. Test 
with blue and red litmus paper. What is its nature? 
See the equations under 91. 
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Exp. 93. Nitrogen from the air by means of 
cuprous clilorid CugClg. 

Into a cylinder or long tube which is gradu- 
ated into cubic centimeters pour a small quantity 
of fresh Cu^Clj solution. Read the volume of gas 
in the tube. Close with a stopper and shake. Al- 
low to stand for three or four hours. Invert the 
tube in a basin of water. Note that the water 
rises in the tube to replace the oxygen which 
has been absorbed by the chlorid. Read the vol- 
ume of gas in the tube. How does it compare 
with the original volume? Test the gas with a 
flame. 

NITROGEN FROM A NITRITE. 

Certain compounds of nitrogen give up nitrogen 
on being heated. Such a substance is ammonium 
nitrite (NH4N0g). This reaction is too violent for 
common use. A better way is to mix ammonium 
chlorid and sodium nitrite (NaNOJ. 

Exp. 94. Fit a small flask with a cork and 
delivery tube. In it place a mixture of about 10 
grams of NH4CI with 15 g. NaNO^. Fill the flask 
one-quarter iiill of water and heat. Nitrogen will 
be set free and may be collected over water. When 
the evolution of gas has begun the lamp may be 
removed and the gas will continue to be set free 
without further heating. Test the nitrogen thus 
made with a flame. 

Reactions. 
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NH4N0g (ammonium nitrite) heated == 

2H,0 + 2N. 
NH4CI (ammonium chlorid) + NaNO^ (sodium 

nitrite) = 2N + NaCl (sodium chlorid) 

+ 2H,0. 

Nitrogen may be made from its compounds 
in many other ways but the methods are all un- 
important. 

THE ATMOSPHERE. 

A mixture of oxygen and nitrogen. 

Specific gravity 1. 

Specific density or weight as compared with a 
like volume of hydrogen 14.39. 

In the early days of science the name air was 
applied to any gaseous body. To-day the term has 
a restricted application meaning simply the gase- 
ous sphere that surrounds the earth and from which 
we take the oxygen we breathe. The gaseous 
sphere is also called the atmosphere. 

We know that we are sivrrounded by a gaseous 
medium because we can feel it in motion when the 
wind blows, it offers resistance to bodies passing 
through it, and we can determine its weight and 
pressure. For example, if a glass globe is weighed 
before and after exhausting the air from it the 
weight of the air which it contained may be deter- 
mined. It has been shown by many careful deter- 
minations that the weight of one liter of air under 
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normal conditions of pressure and temperatnre is 
1.2935 grams. 

The pressure of the atmosphere is about 15 
pounds (14.73) to the square inch or 1033.3 grams 
to the square centimeter. It is measured by an in- 
strum3nt called the barometer. This is a long glass 
tube closed at one end and filled with mercury and 
inverted in a dish containing mercury. It was no- 
ticed that when the tube is inverted the mercury 
will not run out but will fall to a level of about 30 
inches above the level of the mercury in the dish 
and will remain there. The weight of the air is 
such as to just counterbalance a column of mercury 
of known diameter and about 30 inches in length 
and is just equal to the weight of a column of air of 
equal diameter and a length as great as the height 
of the atmosphere. 

The height to which the atmosphere extends 
is not exactly known. Its extent is believed to be 
about 50 miles. 

The atmosphere is not a chemical compound, 
but a mixture of several gases. The two chief con- 
stituents are oxygen and nitrogen. These com- 
pose about 99.75 per cent, of the air, while the 
remaining 25 per cent, consists of ammonia, water 
vapor, carbon dioxid, compounds of sulfur such as 
H3S and SO2, hydrogen dioxid, oxids of nitrogen, 
and the newly discovered elements Argon, Neon, 
Krypton and Xenon. 
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The quaatities of most of these lesser coastit- 
ueats vary with the locality. For example the air 
will contain a large amonnt of impurity in a city 
while the quantity will be very small in the coun- 
try. The water vapor varies with the temperature. 
If a cubic meter of air is saturated with water 
vapor at degrees it will hold 4.8 grams of water, 
and at 35 degrees, which is about the highest sum- 
mer temperature in this latitude, it will hold 39.2 
grams. This atmospheric water is precipitated 
when the atmosphere is cooled. If the change is 
small the water will appear as dew, if sudden, as 
rain or snow. The quantity of water which the 
atmosphere will hold is greatest in tropical climates 
hence the annual rain fall is greatest toward the 
equator and falls off toward the poles. 

Carbon dioxid comes into the air from many 
sources, such as the decomposition of vegetable 
matter and the combustion of fuel. The sulfur 
compounds come both from the decomposition of 
vegetable and animal matter and from the burning 
of coal. 

The two chief constituents of the air are pres- 
ent in the proportions of about four parts of 
nitrogen to one part of oxygen. Nitrogen is a very 
inactive gas, combining with all other elements 
only with the greatest difficulty. It serves to di- 
lute the oxygen and adapt it for purposes of breath- 
ing and combustion. 



NONMETALLIC ELEMENTS 198 

We know tluit air is a mixture and not a chem- 
ical compound, for several reasons. 1. The two 
gases, nitrogen and oxygen, may be mixed in the 
proportion in which they occur in the air, and no 
change in temperature will take place. Now, when- 
ever a chemical compound is male Heat is either 
absorbed or evolved. 

2. The two constituents show a slight varia- 
tion in their proportions which is never the case in 
a true chemical compound. 

3. When air is dissolved in water more oxy- 
gen dissolves than nitrogen, which could not be 
the case were the air a compound. Many other 
considerations show that air is a mixture. 

Air may be reduced to a light blue liquid by 
great pressure and cold. Liquid air is now a regu- 
lar article of commerce. The chief value of liquid 
air is its power to produce great cold. 

NITROGEN AND HYDROGEN. 

Nitrogen forms three compounds with hydro- 
gen, of which one, ammonia (NH3), is by far the 
most important* The others are hydrazin (N2H4) 
and azoamid (N3H). The latter are better known 
in their organic compounds, and are usually stu- 
died under organic chemistry. 

AMMONIA. 
Formula, N Ha. Molecular weight 17.03 

Ammonia, in the form of its compounds, has 
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been known since the time of the early alchemists. 
Its compounds were imported into Europe at a very 
early date, from the far East, quantities being 
found in the Libyan desert, near the temple of Ju- 
piter Ammon, whence the name ammonia. The 
gas itself was not recognized as a distinct com- 
pound until made by Priestly in 1774. 

Preparation. 

Exp. 95. Ammonia from ammonium chlorid, 
(NH4CI) and calcium hydroxid (Ca(OH),). 

Pulverize about a gram of ammonium chlorid 
and note its odor. Note the odor, if any, of cal- 
cium hydroxid. Mix the chlorid and the hydroxid 
and note the odor again. Is there any difference? 
Remove the mixture to a dry test tube and heat 
high above the Bunsen flame. 

Reaction. 2NH4CI (ammonium chlorid) + 
Ca (OH), (calcium hydroxid) = CaCl, (calcium 
chloid) + 2NH8 (ammonia) + 2H,0. 

In this reaction the water will condense on the 
upper part of the test tube and is liable to run 
down the tube striking the warmer parts thus 
breaking it. If the tube is kept warm along its 
entire length this will not occur. 

The reaction works about as well with un- 
slaked lime (CaO) . In the latter case less water is 
formed. Write the equation. 

Exp. 96. Bring a rod moistened with HCl to 
the mouth of a tube generating ammonia. What is 
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formed. Write the reaction. See hydrochloric 
acid Exp. 46. 

Insert a piece of moist red litmus paper in the 
tube. How does this reaction differ from a similar 
one under hydrochloric acid? 

Exp. 97^ Pulverize about two grams of am- 
monium chlorid in a mortar and mix well with 
about twice as much calcium hydroxid. Place the 
mixture in a tube or small flask to which a deliv- 
ery tuba has been attached. Attach the delivery 
tube to a tube filled with small pieces of lime. 
This will dry the ammonia gas. 

Collect several jars of the gas by upward dis- 
placement of mercury. ' 

Exp. ^8. Prepare a bottle or small jar with a 
jet tube, as in Exp. 46, and perform the same ex- 
periment using ammonia instead of hydrochloric 
acid and a red litmus solution instead of a blue. 
Is ammonia very soluble in water? What is the 
ordinary commercial ammonia? 

Exp. 99. Insert a burning splint in a bottle of 
ammonia gas. Does the gas burn or support com- 
bustion? Note the odor of ammonia. 

Exp. 100. To show the comb.ustion of ammo- 
nia. 

Ammonia does not burn well under ordinary 
circumstances. Under a hood heat a small beaker 
containing concentrated ammonia solution. From 
a gas holder run a rapid stream of oxygen through 
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the liquid. Now lower a glowing platinum wire 
into the beaker. What happens? 

Exp. 101. Make a solution of ammonia in 
water by passing the gas into cold water. Care- 
fully taste a drop of the solution thus made. Note 
the action on litmus. Is it the same as that of the 
gaseous, ammonia? To a small quantity of the 
solution add a little litmus solution then drop by 
drop dilute hydrochloric acid until the color of the 
litmus changes. When this occurs the ammonia 
has been all neutralized by the acid. Evaporate 
the solution to dryness and examine the residue. 
Carefully taste. Dissolve a little in water and test 
for chlorin. Treat another portion with potassium 
hydroxid, warm and note the odor of the escaping 
gas. What is it? Heat a small quantity of the 
residue on platinum foil. What does it do? From 
all these tests can you tell what the residue is? 
Write all the reactions involved in this experi- 
ment. 

Exp. 102. Treat another small quantity of 
the ammonia solution you have made, or what will 
do just as well, the commercial ammonia, with a 
solution of ferric chlorid PeCls, another portion 
with copper sulfate CuSOi, and a third with Ness- 
ler's reagent.** 

**Nessler's reagent. 

Nessler's rdagent is a mixture of the double iodld of po- 
tassium and mercury (E[s:l22KI) and potassium hydroxid. It is 
made by dissolving 3.5 grams of KI in 100 c. c. water, then dis- 
solving 1. 6 g. HgCla in 30 c.c. of water. Add mercury solution 
gradually to the'iodid solution, stirring constantly, until the 
precipitate first formed no longer dissolves. 



NONMETALLIC ELEMENTS 201 

REACTIONS FOR AMMONIA. 

1. NH4OH (ammonia) + FeCls (Ferric chlor- 
id) = Fe(0H)8 (Ferric hydroxid)+3NH4CL 

2. Any copper salt with ammonia will form 
at first a light blue precipitate then a deep blue 
solution. 

4NH4OH+ CuS04=CuS04 (NH3)4 H^0 + 3H,0. 

3. 4NH4OH + 2HgI, 2KI + Hg, I(NH,) O + 
4KI + 3NH4l + 3H,0. 

Ammonia is made in nature by the decomposi- 
tion of certain organic compounds which contain 
nitrogen. 

Exp. 103. Mix a small quantity of slaked 
lime, i. e. calcium hydroxid, with dry sodium hy- 

droxid. Cut a small piece of flannel into little 
pieces and heat with the above mixture. Note that 
the escaping gas is ammonia. 

NITROGEN AND THE HALOGENS. 

Nitrogen forms compounds with the halogens 
which are so very explosive that they are not at all 
adapted for laboratory experiments. 

The two most important halogen compounds 
are nitrogen trichlorid — (NCls) and nitrogen triio- 
did (NIs,) the former being about the most danger- 
ous explosive known. 

NITROGEN AND OXYGEN. 

There are five compounds of nitrogen and oxy- 



NONMETA1.LIC ELEMENTS 203 

gen. Three of these are the aiihydrids of acids, as 
follows : 

1. NgO =» nitrous oxi4. The anhydrid of hy- 
ponitrous acid (HNO). 

2. NO =» nitric oxid. . 

3. NjOs =» nitrogen trioxid. Anhydrid of 
nitrous acid (HNOg). 

4.. NOg — nitrogen dioxid or nitrogen peroxid. 

5. N2O6 =- nitrogen pentoxid. Anhydrid of 
nitric acid (HNOs) . 

Three of these oxids are gases, nitrous, nitric 
and nitrogen dioxid.- Nitrogen trioxid exists as a 
liqi4d, of a blue color, which boils at a very low 
temperature, decomposing into nitrogen dioxid and 
nitric acid. Nitrogen pentoxid, the anhydrid of 
nitric acid, is a crystalline solid. It decomposes 
readily into nitrogen dioxid and oxygen as follows : 
N2O6 — 2N0 + O, 

Only the gaseous oxids may be studied in an 
elementary course. 

NITROUS OXID. 

Formula N,0. Molecular weight 44. 

Discovered by Priestley in 1772. 
The gas is also called laughing gas because of 
the peculiar intoxication which it produces When 
inhaled. It produjces insensibility to pain and is 
much used in minor surgical operations, such as in 
dentistry, etc. 
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• Preparation. Nitrous oxid is usually made in 

small quantities by heating ammonium nitrate 

NH4NO8. 

NH4NO3 heated = N,0 + 2H2O. 

The evolution of gas is so rapid that an explo- 
sion often occurs. The gas may be prepared with- 
out danger, as follows : 

Exp. 104. Grind together 2 grams of ammo- 
nium sulfate (NH4)2S04 and 3 grams of sodium ni- 
trate NaNOs. Place in a small flask or test tube 
arranged with a delivery tube and heat gently. Col- 
lect the gas over hot water. Collect one jar by 
downward displacement. 

Reaction. 

(NH4)2S04 + 2NaN03=-2N,0 + Na,S04 sodium 
sulfate + 4H2O. 

Exp. Note the odor of the gas. Test the con- 
tents of one jar with a burning splint. Into an- 
other which has a small quantity of hot water in 
the bottom lower a deflagrating spoon containing a 
piece of phosphorous no larger than a grain of 
wheat. Ignite the phosphorous with a hot wire. 

Hxp. 106. Ignite a quantity of sulfur in a 
deflagrating spoon and immediately lower into a 
jar of the ^as. It will be extinguished. Remove 
and allow to burn violently in the air then repeat 
the experiment. It will now burn in the gas. 

Exp. 107. Mix equal quantities of nitrous 
oxid and hydrogen and apply a flame. What other 
gas does nitrous oxid most resemble? 
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NITRIC OXID. 

•Formula NO'. Molecular weight 30. 

First observed by Van Helmont, and was later 
investigated by Priestly, the discoverer of nitrous 
oxid. 

Preparation. 

Nitrous oxid is made when nitric acid dissolves 
metals. 

Exp. 108. Place a few pieces of metallic cop- 
per in a flask fitted with a delivery tube and on 
them pour a mixture of equal volumes of concen- 
trated nitric acid and water. Use just .enough acid 
to cover the copper. If the action does not start at 
once warm the flask a little. Collect the gas over 
water. Collect four jars of the gas. 

Do not allow the nitric oxid to escape into the 
room as the fumes are very disagreeable. Perform 
all the experiments under a hood. 

Exp. 109. Pass the gas into a solution of fer- 
rous sulphate (FeS04). Note the brown color. 
Heat the solution. What happens? 

Exp. 110. Test a jar of the gas with a burn- 
ing 'Splint. Admit air to another jar and note the 
brown fumes. These are fumes of nitrogen dioxid 
(NO.). 

NO+0=NO,. 

Exp. 111. Into a jar of the gas pour a few 
drops of carbon disulfid (CS,). Cover with a glass 
plate and shake. Apply a flame to the mouth of 
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the jar. This shows that nitric oxid supports com- 
bustion although not as well as nitrous oxid. 

The same fact may be shown by lowering a 
piece of phosphorous into a jar of the gas imme- 
diately after the phosphorous has been lighted. It 
will be extinguished but if allowed to become well 
inflamed and then lowered into the gas it will con- 
tinue to burn. 

Exp. 112, Evaporate the solution remaining 
in the generating flask to dryness. You have a 
salt. What is it? 

Reactions. 

The reactions for the formation of nitric oxid 
are very complicated. For a complete understand- 
ing of them it is necessary to understand several 
facts, i. e. 1. Nitric acid if concentrated will oxi- 
dize nitric oxid to nitrogen dioxid, and to nitrogen 
trioxid. 2. Nitrogen dioxid with water is chang- 
ed to nitric acid and nitric oxid. 

In the first reaction between the nitric acid 
and the copper the latter is oxidized to copper oxid 
CuO, two molecules of the acid giving up one atom 
of oxygen i. e. 

1. 2HN08=2N02+H'iO + 0. 

2. Cu + 0=CuO. 
Combining 1 and 2 we have 

3. 2HN03+Cu=CuO+2N02+H20. 

But copper oxid is a base and with nitric acid 
it will form a salt, i.e. copper nitrate. Cu (N08)2. 
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4. CuO + 2HN08-Cu(N08)2+H20. 

The reaction showing the formation of nitro- 
gen dioxid would be 

5. Cu+4HN03=Cu(N08)2+2H20+2N02. 
But nitrogen dioxid and water combine to 

form nitric acid and nitric oxid. 

6. H20 + 3N02=2HN08+NO. 

Or the full reaction reduced to lowest terms is 
7. 3Cu+8HN08=3Cu(N03>+2NO+4Hv.O. 

NITROGEN DIOXID. 

Formula, NOg. Molecular Weight, 46. 

Also called nitrogen peroxid. 

Preparation. 

This gas may be made in many ways. The 
most simple method is one we have already seen, 
admit air to a jar of nitric oxid. It has been pre- 
pared by heating a nitrate of a metal having a high 
specific gravity, as for example Pb(N08)2. 

In a test tube of hard glass arranged with a 
delivery tube heat 10 grams of lead nitrate. Col- 
lect the gas given off by downward displacement. 
Test a jar of the gas with burning phosphorous. 
Observe all the precautions concerning phosphor- 
ous. How does the gas support combustion as com- 
pared with the other oxids we have studied? 

Exp. 114. In a jar of the gas pour a few 
drops of water. Cover with a glass plate and shake 
until the brown color of the gas disappears. Test 
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the liquid with litmus paper. Carefully taste a 
drop. What kind of a liquid is it? 

Exp. 115. Pour a few drops of a solution 
of potassium iodid into a jar of the gas. Note the 
effect. This is a common test for nitric oxid. 

ACIDS OF NITROGEN. 

There are three, hyponitrous (HNO), nitrous 
(HNO2) and nitric (HNOs). Of these the first two 
are of comparatively little importance. 

NITRIC ACID. 
Formula, HNOs. Molecular Weight, 63. 
Nitric acid was first prepared by the Alchem- 
ist Geber in the 9th century. He made it by heat- 




ing together potassium nitrate (KNOs) and ferrous 
sulfate (FeSOO . 

Preparation. 

Exp. 116. Arrange a glass stoppered retort 
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SO that it may be heated. Place the outlet tube 
called the retort neck in a flask immersed in run- 
ning water. The best arrangement for running 
water is to place the flask in a large funnel and al- 
low water to flow onto it from a tap above. Attach 
a rubber tube to the funnel stem to carry off the 
waste. 

In the flask place aboufc 30 grams of sodium 
nitrate (NaNOs), also called Chili Saltpeter. Care- 
fully pour on the salt 10 c. c. of concentrated sul- 
furic acid. Be careful not to let the acid fall into 
the neck of the retort. Replace the glass stopper 
and heat gently until no more liquid passes into 
the condensing flask. Be careful not to heat too 
rapidly or the flask contents will foam violently. 

Properties of nitric acid. 

Exp. 117. Note the odor and the color of the 
acid. Hold a glass rod dipped in ammonia over 
the mouth of the receiving flask. Note the white 
fumes. What are they? Dilute a small quantity 
of the acid you have made with about 20 volumes 
of water and very carefully taste a drop. Test with 
litmus paper. 

Nitric acid as an oxidizing agent. 

We have already seen that an oxidizing agent 
is a substance which will give up its oxygen readi- 
ly to other substances. Nitric acid and its salts 
are typical oxidizing agents as they will all give 
up their oxygen readily. 
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Exp. 118. Pulverize a small quantity of char- 
coal and heat it in an iron spoon or in a porcelain 
crucible. When hot pour a small quantity of the 
freshly made nitric acid upon it. The charcoal 
will burn and during the combustion copious red 
fumes will be given off. What are they? 

Reaction, 

C (carbon) +2HN08-=H20+C02 (carbon diox- 
id)+2N02. 

The carbon has been oxidized and the nitric 
acid reduced. 

Exp. 119. Pour a f«w c. c. of concentrated 
nitric acid over a small amount of fine sulfur in a 
test tube and heat. Note that the sulphur disap- 
pears. Dilute with water and after filtering, test 
the clear filtrate with a solution of barium chlorid 
(BaClJ. What has been formed? Write the re- 
action. 

Exp. 12<0. Dip a piece of woolen cloth into 
dilute nitric acid. After standing a little time 
wash and note the yellow color of the cloth. All 
organic compounds such as wool, hair, the skin, 
etc. which contain nitrogen are colored yellow by 
nitric acid. 

Exp. 121. Nitric acid and metals. 

Treat the following metals with dilute nitric 
acid. Copper, (Cu), Iron (Fe), Lead (Pb), Mag- 
nesium (Mg), and Tin (Sn). Note the gas formed 
in each case. Write the reactions. 
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Treat a small piece of gold with the acid. Gold 
leaf is best. Note tlie effect. Try another piece 
with hydrochloric acid. Mix the two acids and 
try again. Does the gold dissolve? This mixture 
of nitric and hydrochloric acids is called aqua regia 
or nitro-hydrochloric acid. 

Nitric acid is often used to etch metals. Cover 
a piece of brass or other metal with paraffin. Write 
on the paraffin with some sharp instrument, being 
careful to scratch through the coating. Along the 
lines of the writing pour a few drops of nitric acid 
and allow to stand. Clean off the paraffin and 
note that the writing has been etched on the metal. 

Exp. 122. Qualitative tests for nitric acid 
and nitrates. 

A qualitative test is one which merely shows 
the presence of a substance. A quantitative test 
on the other hand is one which sliows the presence 
and at the same time the amount of a substance. 

In a small quantity of indigo solution pour a 
few drops of nitric acid. The blue color of the so- 
lution will disappear. 

Into dilute nitric acid drop a crystal of ferrous 
sulfate (FeSOi). Note the brown color about the 
crystal. 

Exp. 123. The brown ring test for nitric acid. 

Dissolve a little KNOs or NaNOs in water. Add 
a little ferrous sulfate solution. Incline the test 
tube and allow strong H^SO* to run down the 
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side. Note the effect where the acid and other 
liquids meet. This is the most common test for 
nitric acid and the nitrates. 

Reaction. The brown ring test may be repre- 
sented in an equation thus : 2 KNOs + 4 HjSOi + 
10 FeS04=K2S04 (potassium sulfate) + 3 Fe2(S04)8 
(ferric sulfate) + 4 H^O + 2 (FeS04)2NO. 

The last compound has no specific name and 
its composition is involved in uncertainty. (Pres- 
cott & Johnson). 

Exp. 124. Composition of nitric acid. 

In a small flask or bottle arranged with a stop- 
per carrying a delivery tube and funnel tube, place 
a few pieces of magnesium ribbon. Pour onto the 
ribbon a small quantity of dilute nitric acid. Col- 
lect the gas which escapes and test with a flame. 
The gas is hydrogen. As it could not have come 
from the magnesium or from the water it must be 
from the nitric acid. Hence one constituent of ni- 
tric acid is hydrogen. 

Exp. 125. Arrange a Kipps apparatus for the 
generation of carbon dioxid (COg) by placing pieces 
of marble (CaCOa) in the middle part of the appa- 
ratus and dilute hydrochloric acid in the upper. 
On opening the stop cock the acid will come in con- 
tact with the marble and carbon dioxid will be 
generated. 

Reaction. 

CaCOs + 2HC1 -= CaClg (calcium chlorid) + 
CO,+H,0. 
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Fit a large test tube with a stopper having two 
holes, one containing a long glass tube which 
reaches to the bottom of the test tube and the oth- 
er a short tube bent at right angles. Cover the 
bottom of the test tube with concentrated nitric 
acid and connect the longer tube with tlie carbon 
dioxid generator by means of a rubber tube, and 
the other with a bulb tube of hard glass, arranged 




as as in the figure. The end of the bulb tnbe is 
fitted with a glass delivery tube wliich dips under 
the mouth of a test tube filled with concentrated 
sodium hydroxid solution and immersed in a beak- 
er filled with the same. 

In the bulb tube place a few pieces of clean 
copper filings. Arrange to heat. 

In the figure, A is the Kipps apparatus, B is 
the test tube with concentrated nitric acid, C the 
bulb tube containing the copper and D the test tube 
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immersed in sodium hydroxid solution. 

Now allow a slow stream of carbon dioxid to 
flow through the apparatus to drive out all the air. 
While doing this remove the delivery tube leading 
from C to D from the mouth of the test tube. After 
the air is all driven out heat the acid in B and the 
copper inC. Collect the gas which is given off in 
the test tube at D. The carbon dioxid will drive 
the nitric acid over the hot copper and the acid will 
be decomposed into its constituents. 

When D is nearly full, stop the heating and 
disconnect the apparatus while still hot. Allow 
the gas in D to stand a few minutes and then test 
with a burning splint. Recognize the gas as nitro- 
gen. The sodium hydroxid solution will absorb 
all the carbon dioxid. 

Examine the contents of the bulb tube. The 
copper has been turned black. This is due to the 
formation of copper oxid (CuO). The oxygen must 
have come from the nitric acid as it can be proved 
that the carbon dioxid does not give up its oxygen 
under these circumstances. Hence we have proven 
that nitric acid contains the three elements hydro- 
gen, oxygen and nitrogen. Other considerations 
show that these are present in the proportion of 
one atom of hydrogen to one of nitrogen to three 
of oxygen. 

Reactions for the formation of nitric acid. 

We made the acid from sodium nitrate and 
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It is a white wax-like solid, very poisonous and ex- 
tremely inflammable. Under certain conditions it 
crystallizes in octahedral prisms. 

Red phosphorous is made from the white by 
heating the latter in the absence of air to about 300 
degrees Centigrade. It is a non-crystalline solid, 
when pure having no taste or odor, is of a deep 
red color, is non-poisonous. and takes fire only when 
heated to about 260°. In^every respect it is so to- 
tally different from the white variety as to seem to 
be a different element. If it is heated to about 
360° in the absence of air it will turn back to the 
white variety. 

The third form is made when red phosphorous 
is heated to 680° under great pressure. . It is a 
dark red metallic substance crystallizing in rhom- 
bohedral forms. 

Exp. 126. Examine a piece of white phos- 
phorous. Note the color, odor, etc. Always han- 
dle this element with tongs, never with the fingers. 
Keep the piece which you are examining wet to 
prevent its taking fire. Remember that phosphor- 
ous takes fire at a very low temperature and that 
a burn is very painful and slow to heal. 

Dry a piece of phosphorous as large as an 
apple seed very carefully on blotting paper, 
place on a small board and rub gently with anoth- 
er board. The friction will ignite the element. 
Touch another small piece with a test tube con- 
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taining warm water. The phosphorous will in- 
flame. • 

In performing these experiments the element 
must be dry otherwise it will explode on ignition 
and burning phosphorous will be scattered about. 

Exp. 127. Heat a small quantify of lamp- 
black in an iron spoon or crucible. Allow to cool 
then pour it over a little piece of phosphorous. The 
lampblack is a very porous substance which can 
absorb large quantities of gases. On being heated 
in the air it will absorb much oxygen and this is 
present in sufficient quantity to ignite the phos- 
phorous. 

Exp. 128. Place apiece of phosphorous about 
as large as an apple seed in a six-inch test tube 
and fill one-half full of water. Drop in 
three or four large crystals of potas- 
sium chlorate (KCIO3). Insert a this- 
tle tube, placing thelower end near or 
on the phosphorous, then pour two or 
three c. c. of H2SO4 through the tube. 
Note the effect. 

Phosphorous has so great an affinity for oxy- 
gen that it will combine with it with evolution of 
heat and light even under water. 

Reaction. The potassium chlorate combines 
with the sulfuric acid to form chloric acid (HCIO3), 
a substance which is very easily decomposed giv- 
ing off chlorin and oxygen. 
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2KC108 + H2SO4 = K2SO4 (potassium sul- 
fate) + 2HC108. 

2HC108 = HCIO4 (chloric acid) + il,0 + 
ClOg (chlorin dioxid). 

The chlorin dioxid in turn breaks up into 
chlorin and oxygen. 

Exp. 129. Examine red phosphorous. Try 
to ignite it. Compare with the white variety. 

PROBLEMS. 

1. If 5 g. of phosphorous is allowed to burn 
completely in a quantity of air, how much air 
would be necessary and how much nitrogen would 
be left? 

2. How much nitric acid may be obtained 
from 500 g. NaNOs? How many c. c. of sulfuric 
acid would be required to set the nitric acid free if 
the sulfuric acid has a specific gravity of 1.79? 

3. How many grams of Cu (N08)2 would be 
formed from 130 c. c. HNOs having a specific grav- 
ity of 1.17? 

PHOSPHOROUS AND HYDROGEN. 

There are several compounds of phosphorous 
and hydrogen only one of which is of much import- 
ance. This is the compound analogous to ammonia, 
Phosphin, PHa. 

Phosphin is made when white phosphorous is 
boiled with a concentrated solution of sodium hy- 
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droxid. It is a gas of very disagreeable odor, is 
poisonous and ignites spontaneously in the air. 
(Due to the presence of P2H4) . It forms a class of 
compounds analogous to those formed by ammoni- 
um and these are called phosphonium compounds. 
Phosphin should be made by the teacher as it 
is too dangerous for students to experiment with. 

PHOSPHOROUS AND THE HALOGENS. 

Phosphorous, like nitrogen, forms compounds 
with the common halogens. These are not explo- 
sive as are the nitrogen compounds but have very 
disagreeable odors and are difficult to work with. 

Exp. 130. On a small dry piece of white 
phosphorous place a crystal of iodin. The two ele- 
ments will combine with a flame. Examine the 
residue. This is phosphorous triiodid Pis. 

Phosphorous forms two classes of compounds 
with the halogens and in some cases more than 
two. In one class the phosphorous occurs as an 
element having a valence of three and in the other 
having a valence of five. Thus we have PCI3 and 
PCI5, PBra, PBr6, Pis, PL, etc. All of these com- 
pounds except Pis are too difficult for the beginner 
to make. 

PHOSPHOROUS AND OXYGEN. 

There are two compounds of oxygen and phos- 
phorous in which phosphorous acts as a tri and 
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penta-valent element. Thus we have Ffis 
PjOs, or arranged so as to show the valence 
.0 ^0 



and 



,^^ 



P=0 



:0 

^0 



\ 



o 



F=0 



The trioxid is somewhat difficult to make but 
the pentoxid is formed whenever phosphorous is 
burned in the ^ir. The trioxid is made by burn- 
ing phosphorous with an insufficient amount of 
air. It is a white powder with an odor like that 
of garlic. It will burn and by its combustion 
forms PaOs. 

Exp. 131. Phosphorous pentoxid made by 
burning phosphorous in air. 

Fit a wide-mouthed bottle with a close fitting 
cork or rubber stopper. In the stop- 
per fasten an iron deflagating spoon 
as in the figure. In the spoon 
place a piece of phosphorous and 
lower into the bottle closing it 
tightly. The bottle and phosphor- 
ous must be dry. Ignite the phos- 
phorous by means of a strong burn- 
■ inglens such as that in an ordinary 
reading glass. If sunlight fails, ignite by means of 
a hot wire before the bottle is closed. Note the 
white powder forming on the sides of the bottle. 
When the phosphorous stops burning open the 
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mouth of the bottle under water. Does the water 
rise ? 

Exp. 132. Repeat the above experiment us- 
ing pure oxygen instead of air. In the resulting 
product the same? Do not open the bottle under 
wafer this time. When the combustion has ceased 
pour a few drops of water into the bottle and shake. 
Does the phosphorous pentoxid dissolve? Test the 
solution with blue litmus paper. Taste a drop 
from a glass rod. 

Phosphoric acid has been formed according to 
the following reaction. 

SHiO + P.O5 = 2Et8POi. 
Likewise when the phosphorous trioxid is dis- 
solved in water an acid is formed having the for- 
mula HsPOs. This is called phosphorous acid. 

There are several other acids of phosphorous 
but those named are the most important. Besides 
phosphoric and phosphorous acids we have the fol- 
lowing. 

HsPOs. Hypophosphorous acid. 
H4Pa06. Hypophosphoric acid. 
HiPaOi. Pyrophosphoric acid. 
HPOs. Meta phosphoric acid. 
Read again the article on the naming of acids 
and their salts. 

Phosphoric acid is sometimes called orthophos- 
phoric acid. The term ''ortho'' means right or 
correct and is applied to those acids which have 
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the greatest number of OH groups possible for the 
valence of the principal element. In HsPOi we 
have the greatest number of OH groups possible 
for the valence of phosphorous which is 5. 

The term '*pyro'' means fire and denotes that 
the compound has been formed by means of heat, 
i. e., pyrophosphoric acid is made from ortho by 
means of heat. 

Meta means '*after'' and in the case of acids 
denotes that the compound has been formed from 
the corresponding ortho acid by the withdrawal of 
water. In this case metaphosphoric acid is formed 
from ortho by the withdrawal of one molecule ol 
water. 

H8PO4-H2O-HPO8. 

ARSENIC. 

Symbol, As. Atomic Weight, 74.0. 

Known from the earliest times. First men- 
tioned by Aristotle. White arsenic (AsaOs) was 
first spoken of by the alchemist Geber in the 8th 
century. Arsenic was much used by the alchem- 
ists as by its aid copper could be turned to a white 
color and this was believed to be a change from 
copper to silver. 

Arsenic is better known in its compounds than 
in the free state. The most common compound is 
arsenic trioxid or white arsenic AsaOs. 

Exp. 133. Heat a small piece of metallic ar- 
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senic in a small tube of hard glass, closed at one 
end. What forms in the tube? 

Dissolve a small piece of arsenic in concen- 
trated nitric acid. What is formed? 

ARSENIC AND OXYGEN. 

There are two compounds of arsenic and oxy- 
gen, arsenious oxid (As406) or as commonly writ- 
ten (AsiOa) and arsenic pentoxid (AsaOs). The for- 
mer is quite common while the latter is compara- 
tively rare. 

Exp. 134. Preparation of As^Os. 

Heat a small quantity of powdered arsenic in 
a hard glass tube closed at one end. Examine the 
compound thus formed with a lens. 

Mix a small quantity of AsgOs with a little 
powdered charcoal and heat in a glass tube. Note 
the effect of the charcoal on the oxid. What is re- 
duction? What is oxidation? 

Exp. 135. Dissolve a little AsgOs in warm 
concentrated hydrochloric acid. Dilute with an 
equal amount of water. 

Into one portionof this solution run HgS. Note 
the precipitate. What is it? Write the reaction. 

Filter the precipitate and on the filter paper 
pour a few drops of hot yellow ammonium sulfid 
(NH4)2Sx. The arsenic precipitate dissolves form- 
ing an ammonium thioarsenate. 
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Reaction. 

As,S8 + 4(NH4)2Sx - 2 (NH4)4 AsSs + S. 

The X in the (NH4)2Sx indicates that the quan- 
tity of sulfur is unknown. In writing the reaction 
we have assumed that x=2. 
' Reinsch test for arsenic. 

In another portion of the arsenic solution made 
above hang a clean bright piece of copper wire or 
foil. The arsenic will be deposited upon it. Place 
the wire in a small tube of hard glass and heat. 
The metallic arsenic will sublime to a cooler part 
of the tube and be deposited there as a bright mir- 
ror. This is one of the most delicate tests for ar- 
senic. 

Exp. 136. This ghould be performed by the 
teacher as the compound of arsenic arsin (AsHa) is 
very poisonous. 

Arrange a small hydrogen generator. To the 
outlet tube attach a bulb tube filled with granulat- 
ed calcium chlorid (CaCl2). To the bulb tube at- 
tach a straight tube of hard glass having two con- 
strictions as shown in the figure. The end of the 
tube should be drawn out to a fine point. In the 
generator place a little 
zinc, wrap the generator 
in a cloth which in case 
of an explosion will stop 
splinters of glass. Pour 
dilute sulfuric acid onto ^^ 

the zinc and when the hydrogen is generating free- 
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ly pour into the flask a few c. c. of arsenic solution. 
Test the gas to see if it is free from air and when 
this is the case light it at the jet. Note the color 
of the flanle. In the flame hold a piece of cold 
porcelain. Note the arsenic spots formed. Test 
the same with a drop of sodium hypochlorite solu- 
tion (NaOCl). The spot dissolves. Try the same 
with hot nitric acid. Place a burner under the out- 
let tube. Note the deposit of arsenic on the cold 
part of the tube. 

Reaction. The arsenic unites with the hydro- 
gen formed by the action of the zinc and the acid 
forming arsin (AsHs). Tins burns in the air gen- 
rating AsgOs and water. If a cold object is held in 
the flame metallic arsenic is deposited upon it. 
Likewise if the gas is heated it is decomposed and 
metallic arsenic is deposited. 

Arsenic compounds are very poisonous and it 
is often the duty of the chemist to detect them in 
suspected cases of poisoning. For this purpose the 
two tests of Reinsch and Marsh are used. 

The antidote for arsenic is freshly precipitated 
ferric hydroxid Fe(OH)« which forms a compound 
which is insoluble. 

ACIDS OF ARSENIC. 

There are two acids of arsenic corresponding 
to the two anhydrids AsjOs and AsjOb. These are 
arsenious acid and arsenic acid HsAsOs.and HsAsOi. 
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ANTIMONY. 

Symbol, 8b. Atomic Weight, 119.52. 

The symbol comes from the Latin name for 
antimony (Stibium). 

Antimony belongs to the same family of ele- 
ments as phosphorous and arsenic but it is so me- 
tallic in its properties that it is usually considered 
among the metals. 

Exp. 137. Repeat the Marsh experiment us- 
ing a solution of antimony. Compare the apti- 
mony mirror with the arsenic. Compare the spots 
on porcelain. Test the antimony spot with fresh 
sodium hypochlorite solution. Test spot with ni- 
tric acid. Spot turns white. Test with a crystal 
of iodin. 

Reaction. The reaction is the same as in the 
case of the arsenic except that a compound of anti- 
mony and hydrogen is formed called stibin (SbHs). 

Exp. 138. In each of three test tubes place a 
small piece of antimony. In one pour a little con- 
centrated hydrochloric acid, in another nitric and 
in the third a mixture of the two acids. The mix- 
ture is called nitrohydrochloric acid or aqua regia. 

Heat the contents of each tube and note the 
result. To a small portion of the nitrohydrochlor- 
ic acid solution thus made add a little water. A 
white precipitate is formed. This is SbOCl (anti- 
mony oxychlorid). Write the reaction. 

Test another portion with HjjS. Sb^Ss is form- 
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ed. Treat the Sb^Sg with warm ammonium sulfid. 
A solution is formed from which the antimony 
may again be precipitated by means of hydrochlor- 
ic acid. 

Test a third portion with sodium hydroxid. 
Does the precipitate dissolve in excess of the re- 
agent? 

Reaction. 

a. 8bCl8+3NaOH=SbOOH + 3NaCl + H,0. 

b. SbOOH+NaOH=NaSbO,+H,0. 

PROBLEMS. 

1. What weight of phosphorous can be ob- 
tained from 260 grams of bone ash if the ash con- 
tains 60 %. Ca3(P04),? 

2. How much phosphorous pentoxid can be 
made from the amount of phosphorous obtained 
above? To how much phosphoric acid would the 
pentoxid correspond ? 

3. How much arsih (AsHa) can be made from 
2.5 grams of arsenic trioxid? How much zinc 
would be needed if zinc were used? 

4. If 10 g. antimony are treated with 01 to 
form SbOls, how much HOI would be necessary to 
give the proper amount of 01? How many liters 
of HgS must be run into the SbOls to change it to 
SbgSs if HjjS weighs 17 times as much as hydrogen? 
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COMPARISON OF ARSENIC AND ANTIMONY 
REACTIONS. 



REACTIONS OF THE METALLIC SPOTS FORMED FROM 
THE FLAME 



• As. 


Sb. 


Spot -r heat - volatile. 


Non volatile. 


" -|- lodln - yellow Asia. 


Orange Sbla. 


** -;- nitric acid soluble, fonns 


Insoluble. Turns white forming 


HjAsOs. 


SbaOd. 


" ^odlam hypochlorite solution 




- soluble. 


• 


Reaction.— SCaOCU -!- 4AS - 


Insoluble^ 


2A8aOs -j-2CaCb. 




Reactions of the solutions. 




Arsenic solution -j- Sodium bydrox- 


White precipitate soluble in excess. 


id -> no precipitate. 




HjS gives a yellow precipitate of 


Orange Sb^Sa. 


AsaSj. 




Water - no precipitate. 


White SbOCl. 



Note.— Bismuth the last element of the nitrogen family Is so strongly 
metallic in its properties that it will be considered with the metals. 
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THE CARBON GROUP OF ELEMENTS. 
This group includes four common elements, 
the two nonmetals, carbon and silicon, and the 
metals lead and zinc. 

CARBON. 

Symbol, C. Atpmic Weight, 12. 

Carbon has been known for a very long time 
in its free forms but its relation to the other ele- 
ments was not understood until the birth of organ- 
ic chemistry in the early part of the 19th century. 

Carbon is very widely distributed in nature, 
occurring free as Diamond, Graphite and the var- 
ious forms of Coal. In the combination with oxy- 




gen and hydrogen it forms nearly all organic com- 
pounds hence is the chief constituent of all animal 
and vegetable organisms. 

Exp. 139. Arrange a test tube with a deliv- 
ery tube. Pill the tube with shavings or small 
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pieces of wood, and heat. Collect the gas evolved 
over water and test with a lighted splint. When 
the gas ceases to come off, close the tube with a 
cork and allow to cool, When cool examine the 
contents of the tube. What have you? Compare 
with charxjoal. Heat a small piece of the charred • 
wood in an iron spoon. Does it burn with flame? 
What causes the flame of burning wood? 

Test the gas with moist litmus paper. 

Exp. 140. Repeat the above using small pieces 
of bituminous coal. Note the tar formed. Test 
the gas with red and blue litmus paper. How does 
it differ from that made from wood? Examine the 
residue in the tube. What is it? Which gas burns 
better, that made from wood or that from coal? 

Exp. 141. Place any cold object that will not 
be burned such as a bottle, an iron spoon, etc., for 
a short time in the luminous flame of the Bunsen 
burner. Note the black deposit. What is it? 

Exp. 142. Make a mixture of one part pow- 
dered charcoal or lamp-black to eight of copper 
oxid (CuO) and heat strongly in a test tube. After 
heating some time, break the test tube and note 
the change that has occurred. The CuO has been 
reduced to metallic copper. Why? 

What has become of the oxygen? Explain ox- 
idation and reduction. 

Exp. 143. Absorption of gases by carbon. 

Heat a small piece of charcoal about as large 
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as the end of your finger. Allow to cool. Collect 
a test tube full of dry ammonia gas over mercury. 
Place the charcoal in the tube. Note that the merr , 
cury rises. Why? 

Exp. 144. Absorption of organic colors by 
carbon. 

Boil some dilute litmus solution with powder- 
ed animal charcoal op boneblac^. Filter the solur 
tion after boiling an^ note the change. Try the 
same with a solution of hydrogen sulfid ; with po- 
tassium dichromate. The color of an organic col- 
oring substance is removed by carbon while that 
of most mineral substances is unchanged. Odors 
are removed also. 

The above principle is used in the purification 
of drinking water, in thre^Vefining of sugar and in 
many other chemical operations. 

Exp. 145. Approximate analysis of coal. 

a. Powder a small sample of coal and weigh 
out about one gram into a crucible. Platinum is to 
be preferred but porcelain wdll do. Heat in a drying 
oven for an hour to 110° C, cool and weigh. The 
loss of weight represents the amount of moisture 
in the coal. To determine the per cent., multiply 
this loss of weight by 100 and divide by the weight 
of the sample, i. e. : Suppose that the loss is .0135 
gram and that the weight of the sample used was 
1.247, then .0135 XlOO-i-l. 247= the per cent, or 
1.04 %. 
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b. Place the coal in the covered crucible in a 
good Bunsen flame for exactly five minutes. Place 
the crucible just above the blue inner cone of the 
flame. Cool and weigh and the loss will represent 
the volatile constituents of the coal all classed un- 
der the head of volatile hydrocarbons. Determine 
the per cent, as before. 

c. Heat the crucible in the full flame of a 
blast lamp until all the carbon is burned off and 
the crucible contents are reduced to a perfect ash. 
The loss of weight this time represents the coke or 
fixed carbon. 

d. What remains in the crucible is ash. De 
termine its weight by subtracting the weight of 
the crucible from that of crucible plus the ash. 

The total percentage should equal 100%. 

CARBON AND OXYGEN. 

There are tAVO compounds of carbon and oxy- 
gen, carbon monoxid (CO) and carbon dioxid (CO^). 

CARBON MONOXID. 

Formula, CO.. Molecular Weight, 28. 

Carbon monoxid does not occur free in nature 
but is found wherever carbon is burned in a quan- 
tity of oxygen insufficient to produce complete com- 
bustion. It causes the blue flame of the coal stove 
when fresh coal is put on the fire. 

Carbon monoxid is very poisonous so that all 
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experiments with it should be performed under a 
hood or in a well ventilated room. 

It may be prepared in a number of ways, by 
the reduction of COg, i. e., by passing COg over red 
hot charcoal or some other strong reducing agent, 
or by the decomposition of formates or oxalates. 

Exp. 152. Arrange a small flask with a de- 
livery tube. In it place about ten grams of oxalic 
acid HiC^O* and cover with concentrated sulfuric 
acid. Arrange to heat. On heating, CO and CO, 
will be formed. To remove the CO, pass the gas 
through a solution of potassiun^ hydroxid in a gas 
washing bottle and collect the CO over water. 

Reaction. Oxalic acid is decomposed by the 
sulfuric acid into water, CO and CO,. The potas- 
sium hydroxid removes the CO^ with formation of 
KiCOs as follows : 

H,CA = Kfi + CO, + CO. 
CO, + 2K0H = K^COg + H,0. The sul- 
furic acid removes the water. 

Exp. 153. Test a bottle of CO with flame. 
Does it burn or support combustion? 

Into a bottle of the gas pour a little Ca(OH),. 
Is a precipitate formed? Next ignite the gas and 
shake the bottle. Is the Ca(OH), changed? What 
is formed by the combustion of CO? 

CARBON DIOXID. 

Formula, CO,. Atomic Weight, 44. 

Carbon dioxid is noted as being the first gas 
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to be distinguished from common air. It has been 
known under many different names, ' 'chalky air," 
''fixed air," carbonic acid, etc. It is the choke 
damp of the mines. 

COg occurs free in the atmosphere, in soils, in 
mineral water and because of its great weight in 
mines and wells. Combined with metals CO^ forms 
a large portion of the earth's surface. In the form 
of CaCOs it occurs in all the varieties of lime stone, 
chalk, marble, etc. With magnesium it forms 
Magnesite (MgCOs), with iron, siderite (FeCOa), 
with Mg and Ca, Dolomite, etc. 

In nature COg is made by the combustion or 
decay of organic materials and by the breathing of 
animals. 

Exp. 154. Into an empty bottle lower a glow- 
ing splint. Pour in a few drops of Ca(0H)2 and 
shake. Note the precipitate. What is it? Write 
the reaction. 

Exp. 155. Preparation. Arrange a generator 
in the same way as for hydrogen. Place in the 
bottle several small pieces of marble (CaCOs). Cov- 
er these with water, and through the thistle tube 
pour small quantities of. concentrated HCl. The 
gas may be collected over water or by dow^nward 
displacement. The latter method is usually adopt- 
ed. Collect several bottles full. In a bottle of the 
COg thrust a burning piece of cotton soaked in 
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alcohol. Does the CO, burn or support combus- 
tion? Could you live in an atmosphere of COg? 




Note. A Kipps apparatus may be used with 
good results when a large quantity of COj is de- 
sired. Fill the middle bulb with marble and in 
the upper pour dilute HCl (one part concentrated 
acid to three of water) until the acid fills the lower 
bulb and partly covers the marble in the middle 
bulb. See figure of Kipps apparatus. 

Exp. 156. Pass a stream of CO, itito a solu- 
tion of Ca(0H)8 until the precipitate which forms 
at first redissolves. The white precipitate is 
CaCOs. 

Reaction. 

1. Ca(OH),+C02=CaC08+H20. 

2. CaC08+H20 + C02=CaH2(C03)2, calcium 
acid carbonate. 
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Boil the clear solution thus formed. What 
happens? Explain the deposition of lime on the 
inside of a tea kettle. 

Exp. 167. Place a lighted candle at the low- 
er edge of a sloping board and pour CO^ on the 
board so that it will run down onto the candle. 

Pour a bottle of COg onto a burning candle as 
you would pour a glass of water on it. 

What two properties of COg do these experi- 
ments illustrate? 

Exp. 158. Breathe through a glass tube into 
a quantity of lime water — i. e. Ca(0H)2 solution. 
What have you learned about the process of 
breathing from this experiment? 

Exp. 159. Lower a piece of burning phos- 
phorous into a bottle of COg. Note the action of 
the gas on flame and explain the principle of the 
fire extinguisher. 

Exp. 160. In a bottle of air place a glowing 
piece of charcoal suspended on a wire. When the 
coal ceases to gloAV test the contents of the bottle, 
for CO2 by means of lime water, i. e., pour in about 
two c. c. of lime water and shake. 

Test the air of the room by filling a large bot- 
tle with it and shaking up with lime water. To 
get the air from the room carefully suck out air 
already in the bottle with a glass tube. In suck- 
ing out the air do not breathe into the bottle. Also 
test the air of the room by allowing a watch glass 
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full of lime water to stand in the room for an hour 
or more. Note the surface of lime water. What 
has formed on it? 

Exp. 161. Conduct CO2 into 3 cc. of NaOH 
solution. . 

a. Evaporate a portion of the solution to dry- 
ness and compare the resulting product with a sam- 
ple of NagCOg. Treat with a little HCl. What gas is 
set free? Write the reaction. 

b. To other j)ortions of the solution add so- 
lutions of lead nitrate, zinc sulfate and manganese 
sulfate. Write the reactions. 

CARBON AND SULFUR. 

Carbon forms but one compound with sulfur, 
carbon disulfid (CSg). 

This was discovered in 1796 and was made bj 
passing sulfur vapors over red hot charcoal. 

Properties. 

Examine a sample of CSg. Note the play of 
colors in it. This is due to its high index of re- 
fraction. 

Exp. 162. Place a small quantity of CSg in a 
watch glass or small evaporating dish and blow 
upon it through a glass tube. Place a drop or two 
on the hand. Note the extreme cold. What is 
the cause. 

Bring together one cc. CS^ with five cc. water. 
Note the effect. 
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Jlepeat with five cc. alcohol or ether. Note 
the diflference. 

Exp. 163. Drop a small piece of phosphorous 
into CSg. Dip a piece of filter paper in the solu- 
tion and allow to evaporate in the air. What is 
the result? 

CARBON AND NITROGEN. 

There is but pne compound of N. and C. cy- 
anogen ON. 

This is such a poisonous substance that it can- 
not be handled with safety except under the most 
favorable conditions. It should never be made 
except under a hood in good working order. 

Exp. 164. Preparation. Hood. 

Under a hood heat a small quantity of mer- 
curic cyanid Hg(CN)2 in a glass tube. An in- 
flammable gas will be given .off. Note the color 
of its flame. ' 

Note. — There are many compounds of cyanogen which are 
of great importance, such as ferro- and ferri-cyanids, sulfo- 
cyanids, hydrocyanic acid, etc., but these will be studied un- 
der the subject of analytical chemistry. 

FLAME. 

A. STRUCTURE. 

I. Examine a caudle flame for the four parts. 
A. The small blue cup-shaped portion of the 
flame at the base of the wick. This may be con- 
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sidered as merely a thick portion of the almost in- 
visible blue mantle D. B. The more luminous 
cone in the very center of the whole flame. C. 
The more luminous cone outside the 
central cone. D. The nearly invisible 
coat that surrounds the entire flame. 
This last is very hard to see. Draw a 
very accurate diagram of the candle 
flame showing all the parts. The heat 
of combustion of the first zone A con- 
verts into a gas a large quantity of the 
fatty materials of the candle which are 
being drawn up by the wick. These gases form 
the second zone B. This zone is completely shut 
oflf from the air and therefore there is no combus- 
tion in it. You may prove this by putting a match 
head in this portion of the flame. The match will 
not ignite if the experiment is well performed. 
Make several trials. In the next portion of the 
flame C, the luminous cone, the supply of air is 
not sufficient to burn up all the gases formed. 
These are all compounds of hydrogen and carbon 
and in this zone they are partially consumed, 
burning to CO2 and water, but a large part of the 
carbon is merely heated white hot, thus rendering 
the flame luminous. Outside of the luminous 
zone is an almost invisible coat where the gases 
are completely consumed. The ultimate products 
of all the gases burned are carbon dioxid and water. 
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II. Press down upon a candle flame a piece 
of white letter paper or some other heavy paper 
until it almost touches the wick. Observe the 
charred ring with a white center. Cause? Which 
is the hottest part of the flame? 

III. Hold a thin wire, either iron or plati- ' 
num, across a candle flame or luminous burner 
flame. Note where the wire is hottest. Repeat 
with a piece of wire gauze. Repeat with a match 
stub or piece of wood. 

B. NATURE OF FLAME. 

I. Blow out the candle,^ then ignite the 
smoke. Why does it ignite? 

II. Place a piece of wire gauze on a ring 
stand and turn on the gas in a burner placed un- 
der it. Now above the gauze light the gas. It 
will burn for some time above the gauze. Turn 
off the gas and allow the gauze to cool. Again 
light the gas, this time under the gauze. The 
wire gauze is such a good conductor of heat that 
the gas on the side opposite the flame is not heated 
to the point at which it will ignite. The safety 
lamp invented by &ir Humphrey Davy for use in 
coal mines is simply a lamp completely surrounded 
with wire gauze. This can be taken into a com- 
bustible gas and kept there for a short time with- 
out setting fire to the gas. 

III. . Heat a small glass tube until quite warm 
and at once place the end in the dark center of the 
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candle flame and ignite the gas at the other end of 
the tube. What does this show? 

C. LUMINOSITY OP FLAME. 

I. Stop the hole§ of the Bunsen burner and 
note the effect. Why is this? Compare color of 
flames when the holes are open and when they 
are shut. Take a burner apart and notice its con- 
struction. What is the use of allowing the air to 
enter the lower part of the tube and thus mix with 
the illuminating gas in it ? 

Rub two pieces of charcoal together over the 
blue flame and note the effect. 

II. Press a cold spoon down on both burner 
flames and note the effect. What makes the 
flame luminous? Which is the hotter of the two 
flames? Why? 

D. CHEMISTRY OF FLAME. 

I. Hold a candle in a wide mouthed bottle 
till it goes out. Test the contents of the bottle by 
shaking up with lime water. One cc. is enough. 

II. Hold a clean bottle over a luminous flame 
and note the deposit. 

E. BLOWPIPE FLAME. 

Close the holes in the Bunsen burner by turn- 
ing the tube. Obtain the oxidizing flame by plac- 
ing the blowpipe tip inside the dark por- 
tion of the flame just over the top of the 
burner, and blow across the flame somewhat 
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strongly. An almost colorless pointed flame is 
produced. The reducing flame is obtained by plac- 
ing the tip a little higher above the burner top and 
outside the flame. A luminous flame is produced. 
Which is hotter? Why? 

The reducing flame is luminous because it 
contains hot carbon. Hot carbon combines with 
oxygen with great energy, hence its presence ex- 
plains the reducing action. 

CARBON AND HYDROGEN. 

Carbon and hydrogen have the power of satis- 
fying their valence by combining one with the 
other. Because of this property they are capable 
of forming an almost infinite number of combina- 
tions. These compounds are called hydrocarbons. 
A complete discussion of them belongs to the sub- 
ject of organic chemistry. 

The hydrocarbons fall into several groups 
which differ from each other by the increment CHg. 
The three chief groups may be represented by the 
general formulas CnH2n + 2 (the Methane Group), 
CnH2n (the Ethylene Group) and CnH2n— 2 (The 
Acetylene Group). We need only to discuss the 
most common of each group. These are Methane 
(CH4), Ethylene (C2H4) and Acetylene (C2H2) . 

METHANE. 

Symbol CH4. Molecular weight 16. 

Methane has been known for a very long time 
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but was not distinguished from hydrogen, which it 
resembles in many ways, until late in the 18th 
century. At that time it was found that it re- 
quired a greater volume of oxygen for its combus- 
tion than hydrogen and that the products of com- 
bustion were different. 

Methane is formed in nature by the decom- 
position of vegetable matter, usually under water. 
It is found in marshes and in coal mines where it 
is known as '^marsh gas" and '^fire damp." It is 
the chief constituent of natural gas. 

Exp. 165. Fit a tube of hard glass or iron 
with a stopper and delivery tube and in it heat a 
mixture of four parts soda lime with one part of 
sodium acetate (NaC2H802). Soda lime is a mix- 
ture of quick lime (CaO) with sodium hydroxid 
(NaOH). Collect several jars of the gas over wa- 
ter. Apply a flame to the contents of one of the 
jars holding the jar with its mouth turned up- 
wards. Repeat with another with the mouth 
down. What is the weight of methane as com- 
pared with air? Note the color of the methane 
flame. Into a jar in which methane has been 
burned pour a few drops of lime water. Note the 
precipitate formed. Cause? Write the reactions 
for the burning of methane. 

Reaction for the formation of methane. 
NaC2H802+NaOH=Na2C08+CH4. 

Exp. 166. Into a bottle of methane pour a few 
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drops of chlorin water. Cover and shake. Note 
the odor of the product formed. This is chloro- 
form, the well known anaesthetic (CHCls). Write 
the reaction. 

ETHYLENE. 

Formula C2H4. Molecular weight 28. 

Ethylene was discovered in the 17th century 
although its composition was not determined un- 
til later. 

Ethylene occurs in small quantities in natural 
gas and is the chief constituent of the gas formied 
by the distillation of coal, i. e., illuminating gas. 
It is also known as oleliant gas or ethene. 

Exp. 167. Into a test tube arranged with stop- 
per and delivery tube pour a mixture of two cc. 
alcohol (C2H5OH) and eight cc. concentrated sul- 
furic acid. Extreme care must be used in mixing 
alcohol and acid as much heat is developed. Pour 
the acid slowly into the alcohol, stir vigorously, 
and cool by holding the test tube in cold water. 

Heat the mixture gently and collect the gas 
(C2H4) over water. The mass in the test tube will 
become black and will froth violently if the heat- 
ing is too rapid. 

Test a jar of the gas to see how it will burn, 
^orce the gas out of the bottle by pouring in water 
as fast as it burns. How does the weight of ethy- 
lene compare with that of methane? Write the 
reactions for the combustion of ethylene. 
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Reaction for the formation of ethylene. • 
C,H,0H=C,H,+H30. 

The sulfuric acid has a strong affinity for wa- 
ter and forms C^H* from the alcohol by taking 
away its water. 

Several other reactions take place, for example 
the sulfuric acid is reduced forming SO^. Hence 
this gas is mixed with the ethylene. 

Exp. 168. Into a jar of ethylene pour a few 
drops of sodium hydroxid solution and shake. 
This will remove any SOg which might be mixed 
with the gas. Next pour in a little bromin water 
and shake again. Note the odor of the product 
formed. This is ethylene dibromid (CJI^Bt^), 
Note the oily form of the dibromid. The name 
olefiant gas which is sometimes applied to ethylene 
is due to its propensity of forming heavy oily liquids 
with the halogens and other elements. 

ACETYLENE. 

Formula C^Hg. Molecular weight 26^ 

Discovered in the early part of the 19th cen- 
tury but was first investigated by BerthoUetin 1859. 
Acetylene is the only hydrocarbon which has 
been made by direct synthesis of its elements. It 
may be made by passing a powerful electric cur- 
rent through carbon electrodes in an atmosphere 
of hydrogen. It is more commonly made from cal- 
cium carbide (CaCJ. Calcium carbide is prepared 
by fusing together lime and carbon in an electric 
furnace. 
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Exp. 169. Throw a small piece of calcium 
carbide into water. Light the gas generated. 
Note the flame and odor of the gas. How does the 
flame diflfer from that of the other hydrocarbons 
that you have studied? How may acetylene be 
used for purposes of lighting? 

Exp. 170. Fill a small jar with water and in- 
vert in a dish of water. Hold a small piece of 
calcium carbide wrapped in wire gauze under the 
mouth of the jar. Into the jar of gas thus collect- 
ed pour a little cuprous chlorid solution which has 
been made strongly alkaline with ammonia. Note 
the precipitate formed. This is copper acetylide 
C,H,Cu,0. 

Reactions. 

Cu^Cl^CNHg), + H,0 + C,H, -2NH4CI+ C,H, 

Cu,0. 

Exp. 171. Allow an old Bunsen burner to 
burn at the base of its tube,i. e., **to strike down.'' 
Note the odor of the gas formed. What is it? 

CARBON AND THE HALOGENS. 

Carbon and the halogens do not unite directly. 
If certain of the hydrocarbons are treated with 
chlorin part or all of their hydrogen will be re- 
placed. This is true in a degree of the other hal- 
ogens. For example : 

CH4+CLi=CH8Cl(monochlor methane) + HC1. 

CH3Cl+Cl,=CH2Cl2(dichlor methane) +HC1. 

CH2CI2 + 01^= CHCI3 (trichlor methane or 
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chloroform) + HCl . 

CHCl3+Cl3=CCl^(tetrachlor methane or car- 
bon tetrachlorid) + HCl. 

Experiments with the halogen compounds of 
carbon are somewhat difficult and belong more 
properly to organic chemistry. 

ALCOHOL. 

The alcohols are compounds of carbon, hydro- 
gen and oxygen. They form a very important 
class. The most common is ethyl alcohol or grain 
alcohol as it is sometimes called. This has the 
formula C^H^OH. 

Exp. 172. Fit a 500 cc. flask with a rubber 
stopper having one hole. Fit a short glass tube to 
the stopper and connect the flask by means of a 
rubber tube to the longer tube of a gas washing 
bottle which contains h few cc. of calcium hydroxid 
solution. 

In the flask place a solution of 200 grams of 
grape sugar in 400 cc. water. Introduce a piece 
of fresh, compressed yeast and allow to stand in a 
moderately warm place. After twenty-four hours 
examine the liquids in the flask and in the wash 
bottle. Note the precipitate in the Ca(OH)a solu- 
tion. What is it? Note that the sugar solution is 
no longer clear. 

After the flask has been allowed to stand about 

two days connect iv wivh a condenser (see experi- 
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raent on distillation) and distil on a waterbath. 
Examine the distillate. Note the odor. Taste of 
a drop. Test the liquid to see if it will burn. 

SILICON. 

Symbol, Si. Atomic weight, 28.4. 

Silicon is very widely distributed in nature, 
making up over 27% of the earth's crust. It nev- 
er occurs free biit in the form of the oxid SiO, (sil- 
ica), in combination with metals as silicates, etc. 
In the form of its oxid it occurs in a comparatively 
free state as quartz, flint, etc. Sand is silica mixed 
with many impurities. Feldspar and mica are 
silicates. These with silica are the principal in- 
gredients of such rocks as granite, syenite, etc., 
and form a large part of the earth's crust. 

Preparation. 

Exp. 173. Mix 6 grams of powdered Mg with 
about four times the quantity of powdered sand. 
Place the mixture in a wide test tube of hard glass 
and heat in a blast lamp. The metal will combine 
with sand with almost explosive violence. When 
cool treat the residue in the tube with dilute HCl 
to free the silicon from magnesium oxid which is 
one product of the reaction. That which remains 
after the magnesium oxid has been removed is a 
mixture of sand and free silicon . 

Examine the silicon. Test its solubility in 
H,SO„ HNO3, HCl and KOH or NaOH. 

Reaction, SiO, + 2Mg^-2MgO-| Si, 
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SILICON AND OXYGEN. 
Silicon dioxid (silica) SiOg. 

Exp. 174. Test its solubility in the common 
acids and in KOH. Fuse a mixture of Ig. pow- 
dered sand with 4g. NagCOjin a platinum crucible. 
If platinum is not available porcelain may be used, 
although the experiment will probably ruin it. 
When cool dissolve the resulting compound in 
water. Sodium silicate Na^SiO^ has been formed. 
Sometimes this is called waterglass or soluble glass. 

Exp. 176, To a portion of the silicate add 
HCl. What is formed? Evaporate to dryness. 
Dissolve the residue as much as possible in water 
and filter out the precipitate. What is this pre- 
cipitate ? 

Exp. 176. Bend a loop in a platinum wire 
and in the loop make a bead of microcosmic salt 
(NH4)NaHP04. Dip the bead into a powdered 
quantity of sand and test in a blowpipe flame. 
What happens? 

GLASS. 

Glass is the most important artificial com- 
pound of silicon. It is made by firing together 
sand, a metallic oxid and and a carbonate of one 
of the alkali metals, as K^COj or NajCOj. The 
chief metallic oxids are CaO, PbO and Fe203. The 
properties of the glass depend upon the kind of 
metallic oxid r.nd the k:.nc o: carbonate used. 
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THE ELEMENTS OF THE CARBON FAMILY. 

There are five elements which show many 
characteristics in common with carbon. These 
are placed in a group called the carbon family. 

The elements in the group are the two non- 
metals carbon and silicon and the metals german- 
ium, tin and lead. Other metals are frequently 
classed with these also. Tin and lead will be des- 
cribed under the subject of metals. 

COMPARISON OF CARBON AND SILICON. 



Symbol. 

Carbon, C 
yilicon, Si 



Atomic 
weight. 

12 
28 



Compounds 
wlthH. 

SiH4 



OompouDds Compounds 
with O. I with 8. 

CO ! csa 

CO2 SiS2 

SiOs 1 



Chlorids. 
CCI4 

SiCU 



There are many compounds of carbon and 
hydrogen, except CH^, but no other in which there 
is but one carbon atom. 

BORON. 

Symbol, B. Atomic weight, 10.86. 

Boron in its physical properties is very much 
like carbon although the chemical compounds 
which it forms place it in the nitrogen family. 
Boron does not appear free in nature, but is found 
in combination with hydrogen and oxygen as boric 
and boracic acid H^BOg and in combination with 
sodium as borax, Na^B^O-. 

Preparation. 

Exp. 177. Boron may be prepared by a meth- 



NONMETALLIC ELEMENTS 301 

od similar to that given for silicon. Fuse a small 
quantity of ordinary borax. When cool pulverize 
and mix with about one half as much powdered 
magnesium. Heat in a hard glass tube with a 
blast lamp. Dissolve out the unused borax and 
the magnesium oxid with hot water containing a 
little hydrochloric acid. Filter and dry the boron. 
Examine, test its solubility in acids and alkalies 
and compare with silicon. 

COMPOUNDS OF BORON. 
Boric acid, H3BO3. 

Exp. 178. Preparation. 

Dissolve half a test tubeful of borax in 10 cc. 
of boiling water in a beaker or small evaporating 
dish and add to the solution 2.5 cc. of concentrated 
hydrochloric acid. As soon as the solution cools 
crystals of boric acid will be deposited on the bot- 
tom of the dish. 

Exp. 179. Test for boric acid. 

Dissolve a little of the boric acid you have 
made in alcohol in an iron spoon. Ignite the al- 
cohol and stir the burning solution with a glass 
rod. The flame will be colored green. A com- 
pound called ethyl borate is formed. 

Exp. 180. To make boric anhydrid (B^O,). 
In a clean iron spoon heat some crystals of boric 
acid. When the water has all been driven off, the 
anhydrid will be left as a clear liquid which may 
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be drawn out in long threads by touching to the 
surface of the liquid a stick or glass rod. When 
cold the anhydrid will resemble glass. 

PROBLEMS. 

1. How much CO2 will result from the com- 
bustion of 20g. of C? 

2. What volume of carbon dioxid will be set 
free when a quantity of CaCO, is treated with lOg. 
of HCl containing 20% pure HCl gas, if CO, 
weighs 22 times as much as hydrogen? 

3. How much oxalic acid wo.uld be necessary 
to set free 50g. of CO? 

4. How much boric anhydrid can be made 
from lOg. borax (Na^B^O^lOH^O)? 



BLOW-PTPE ANALYSIS 



Generally to determine the constitution of an 
unknown substance it is first dissolved in some 
solvent. The process of solution often makes a 
complete change in the nature of the substance 
and to know its original character we must analyze 
it in the dry state. 

The nature of any simple substance may be 
made manifest by subjecting it to several opera- 
tions, such as heating it in a glass tube, fusing it 
on charcoal, determining the color it will give 
when heated in a Bunsen flame, etc. 

As all simple inorganic substances and manj^ 
organic compounds may be completely analj'zed in 
the dry state the subject of blow-pipe analysis is 
one of great importance. 

in the following text only the more common 
facts are stated. Extremely poisonous substances 
and those that are very rare have been purposely 
omitted as beyond the scope of the ordinary student. 

The text is given in the form of a scheme for 
the analysis of unknown substances, but it is recom- 
mended that the student slunild go through all the 
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processes first with known substances and verify 
each reaction before the unknowns are attempted. 
In the author's own laboratory students have been 
required to analyze a series of fifty unknowns 
which has been found sufficient to fix all the facts 
firmly in mind. 

Nearly all of the reactions are produced by 
the use of heat alone or by the combined action of 
heat and reagents. For the heating we use an 
ordinary Bunsen lamp and a blow-pipe. For ob- 
taining the best results with the blow-pipe a tube 
is inserted in the lamp which makes the flame 
broad and luminous. This tube is of brass, of a 
size so as to fit into the burner tube exactly. The 
end is hammered flat so that the opening is as long 
as the breadth of the burner tube and about one- 
fifth as wide. The inner tube is filed off so as to 
have an angle of about 30 degrees. 

The blow-pipe is used for obtaining both an 
oxidizing and a reducing flame. To produce the 
first, turn down the Bunsen flame until it is about 
an inch long, place the tip of the blow-pipe inside 
the flame near the top of the burner and blow 
rather strongly. A pointed blue flame is obtained. 
The reducing flame may be obtained by placing 
the blow-pipe tip outside the upper part of the 
flame. This is a pointed luminous flame contain- 
ing incandescent carbon, hence its reducing power. 

When a solid substance is heated it will uo- 
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dergo one or more of about six changes. It may 

a« Give up water* 

b* Give off a g:as«. 

c Fofffl a sublimate^ colored or white* 

d* Change in color* 

e* Fuse without decomposition* 

f* Carbonize^ u c^ blacken* 

If the substance suffers one or more of these 
changes we will gain a clue to its identity at once. 

The heating takes place in a little tube about 
three inches long, made of hard glass and closed 
at one end. The tube should not be more than 
one-fourth inch in diameter. 

I. THE SUBSTANCE IS HEATED IN A 
GLASS TUBE. 

A. WATER IS GIVEN OFF. 

1. The substance may be a deliquescent salt, 
i. e., one which absorbs water from the air. The 
quantity of water is usually large and it is given 
off at a low temperature. Such a salt is calcium 
chlorid (CaCl^) . 

2. The substance may contain enclosed wa- 
ter. Such salts snap or decrepitate when heated. 
Decrepitation is best shown by the salts of the al- 
kali metals with the halogen acids. Such are po- 
tassium and sodium chlorids, bromide and iodids. 

3. The substance may contain chemically 
combined water. Usually a high temperature is re- 
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quired to drive it off and it often shows a charac- 
teristic reaction with litmus paper. The water 
may be acid in which case the original substance 
may have been an acid salt or it may be alkaline 
and the substance a hydroxid or ammonium com- 
pound. 

Organic compounds char and give off odors 
like those of burning wood. The amount of water 
in a salt in which it is chemically combined is us- 
ually small. 

4. May contain water of crystallization. The 
quantity is quite large and many substances swell 
up greatly in giving off their water of crystalliza- 
tion. Such are alums, borates and phosphates. 

B. A GAS IS GIVEN OFF. 

This may be one of the following : 

1. Oxygen. 

Introduce into the tube a splinter of wood on 
which there is a spark of fire. The oxygen will 
cause the splinter to ignite. Oxygen indicates 
that the substance was a peroxid, nitrate, chlorate, 
bromate, iodate, dichromate or permanganate. 

2. Nitrous oxid (N2O). 

This supports combustion nearly as well as 
oxygen. Thus the same test may be used to rec- 
ognize it. Nitrous oxid indicates ammonium ni- 
trate. Ammonium nitrate when heated undergoes 
decomposition with a series of little explosions es- 
pecially if heated rapidly, thus wo may distinguish 
the substance from one which gives oxygen. 
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3. Ammonia (NH3). 

Indicates ammonium compounds. It may be 
identified by the odor and by the fumes of ammon- 
ium chlorid which it forms when a stopper wet 
with hydrochloric acid is held at the mouth of 
the tube. 

4. Carbon dioxid (CO J. 

Indicates a carbonate or organic compound. 
Carbon dioxid may be recognized by passing it 
into a solution of lime water Ca(0H)2 which will 
be colored white by a precipitate of CaCO,. 

The best method of testing for CJO^ is to attach 
to the tube in which the carbonate is heated, a 
glass tube drawn out to a capillary and bent like a 
siphon. The two tubes are attached by a rubber 
tube. The siphon capillary is dipped into the lime 
water solution and the other tube is heated. 

5. Carbon monoxid (CO) . 

Indicates an oxalate or a formate. The gas 
burns with a bright blue flame when pure. Often 
the nature of the salt changes, the flame color. 

The formates blacken when heated leaving a 
residue of carbon. The oxalates on the contrary 
decompose into COg and CO, so have no residue. 

6. Sulfur dioxid (SOJ. 

Indicates a sulfate or sulfite. It is recognized 
by its odor which is that of burning sulfur. 

7. Hydrogen sulfid (H,S) . 

Indicates a sulfid containing water. It may 
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be identified by its odor and by the blackening of 
a piece of paper wet with lead acetate held in 
the gas.. 

8. Nitrogen trioxid or tetroxid(N203 0r N^Oj. 
Indicates a nitrate or nitrite of a heavy metal 

such as lead, mercury, etc. The alkaline salts do 
not give this reaction. The reddish brown gas 
can be best seen by looking through the glass tube 
lengthwise at a white surface. 

9. Chlorin (CI). 

Indicates certain chlorids such as anhydrous 
magnesium chlorid (MgClJ, and certain hypo- 
chlorites, 

10. Bromin (Br). 

Indicates certain bromids. Is identified by 
its odor and the red brown color of its vapor. 

11. lodin (I). 

Recognized by the violet color of its vapor. 
Its odor is much like that of bromin. Indicates 
free iodin and such iodids as Cdljj, Hgl^, Mgl,, 
Aul, etc. 

12. Cyanogen. POISON. Work under a hood. 

Indicates a cyanid of one of the less basic met- 
als, such as mercury, etc. Is identified by its 
flame which when pure is of a crimson color. Cy- 
anogen has an odor like potassium cyanid (KCN) . 

Note — Cyanogen and its compounds are too dangerous 
for the ordinary student. They should never be handled ex- 
cept under a skillful teacher and in the most favorable labora- 
tory conditions. 
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13. Acid fumes. 

Indicate certain sulfates and sulfites of weak 
bases. Such a compound is Fe2(S04)8. The fumes 
are detected by their action on litmus paper. 

O. A SUBLIMATE IS FORMED. 

I. White. 

II. Colored. 

Many solid substances when heated pass di- 
rectly into the gaseous state. When the gas 
reaches a cool part of the receptacle in which it 
has been heated it will condense and in this con- 
densed form is known as the sublimate . 

The following give : 

L WHITE SUBLIMATES. 

a. Ammonium compounds. 

To determine an ammonium compound exact- 
ly place a little of the^ substance in a test tube with 
concentrated sodium hydroxid and heat. Am- 
monia will be set free which may be recognized by 
the odor. 

b. Arsenic trioxid (AS2O3). 

Gives a sublimate of octahedral crystals. 
These are very small so that a magnifying glass 
must be used to see their form. Mix the substance 
with a little charcoal and heat. A black mirror of 
metallic arsenic will be formed. 

c. Antimony trioxicj (Sb208). 

This volatilizes at a very high temperature, 
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1600 degrees C. forming a sublimate of needle 
shaped crystals. 

d. Mercurous chlorid (HgCl). hood. 

The Sublimate is yellow when hot and white 
when cold. 

e. Mercuric chlorid (HgClg). 

This acts much like the mercurous compound 
except that it melts before it sublimes. 

IL COLORED SUBLIMATES- 

a. Arsenic, hood. 

Gives a shining black mirror. This is formed 
by the element itself or by its compounds in com- 
bination with some reducing agent. Arsenic has 
a peculiar odor like that of garlic, 

b. Arsenious sulfid (AsiiSs). 

The sublimate is reddish brown when hot and 
yellowish red when cold. 

c. Antimony sultid (Sb^Ss). 

Sublimes at a high temperature. The sub- 
limate is black when hot and reddish brown when 
cold. 

d. Mercuric sulfid (HgS). 

Gives a black sublimate when hot which is 
red when rubbed with a glass rod. 

e. Mercuric iodid (Hglgj. 

Forms a yellow sublimate which changes 
to red. 

f. lodin. 

Forms a purple vapor and a black sublimate. 
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g. Sulfur. 

The sublimate is yellow. It indicates free sul- 
fur or certain sulfids such as FeS,. It burns with 
a blue flame with the characteristic odor of sulfur 

dioxid. 

« 

D. THE SUBSTANCK (CHANGES COLOR ON HEATING. 

Many substances especially metallic oxids 
which do not decompose or sublime on heating 
will change color. The most characteristic chan- 
ges are as follows : 

1. Zinc oxid (ZnO). 

Is white when cold and changes to a yellow^ on 
heating then becomes white again on cooling. 

2. Stannic oxid fSnOj. 

The original substance is white when cold, be- 
comes yellow brown when hot and pale yellow on . 
cooling. 

8. Lead oxid (PbO). 

Is brownish yellow when cold, becomes red 
when hot and yellow on cooling. It fuses at a 
high temperature. 

4. Bismuth oxid (BiiOg). 

• Yellow when cold changing to otange yellow 
on heating and is yellow again when cold. It 
fuses at a high temperature. 

5. Mercuric oxid (HgO) . 

Yellowish red, becomes black or dark brown 
when hot and red on cooling. It decomposes 
readily giving oflF oxygen and a black sublimate of 



814 METALS 

mercury. The mercury often deposits on the sides 
of the tube to form a mirror much like that of 
arsenic. 

6. Ferric oxid (FeaOs). 

Red or brown and changes to black but be- 
comes red again on cooling. 

Note — The above results are given as if for oxids alone 
but all salts which decompose readily into oxidn give the same 
reactions. 

K. THE SUBSTANCE FUSES WITHOUT DECOMPOSITION. 

This usually indicates a salt of the alkali metals 
such as potassium or sodium. Some other salts 
fuse, hence this is riot a sure test for the alkalies. 

K. THE SUBSTANCE BLACKENS. 

This usually indicates an organic compound. 
Nearly all organic compounds on being heated de- 
compose, setting carbon free. At the same time 
gases are given off which have a characteristic 
odor. The most common organic compounds 
which can be recognized by the blow-pipe are : 

1. Acetates. 

When heated give the odor of acetone (CHsjaCO 
which smells like vinegar. Acetone burns with a 
blue flame. Do not confuse it with CO which is 
given off by formates. 

2. Formates.. 

Give off carbon monoxid which burns with a 
blue flame. Often the color of the flame is modi- 
lied by the metal of the salt. Thus sodium form- 
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ate will give CO which burns with a yellow col- 
ored flame. 

3. Tartrates. 

When heated have an odor much like that of 

burnt sugar. 

Note — The alkali salts with the organic acids on heat- 
ing form carbonates, while all other metals form first carbon- 
ates then finally ozids of the metals. 

II. THE SUBSTANCE IS HEATED ON 
CHARCOAL. 

Charcoal is a very strong reducing agent when 
heated to incandescence and will reduce most met- 
als in combination to the metallic state. 

To heat, dig a little hole in the charcoal, fill 
with the substance and heat with the blow-pipe , 
gently at first and then more strongly. If the 
substance is very light and blows away wet it with 
water or fuse with a bit of borax. Water is pre- 
ferable. 

a« The Substance Fuses Easily Without Decomposition* 

Indicates a salt of the alkali metals or some of 
the alkaline earths. 

b. Tlie Substance Gives a Metallic Bead Without an 
Incrustation or Coating; on the Charcoal* 

By the incrustation we mean the white or col- 
ored coating that forms on the cool charcoal around 
the bead. This is usually an oxid of the metal 
which has been volatilized and again condensed. 
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1. A white bead. 

Indicates tin, ialuminum or silver. These 
metals may be distinguished by the difference in 
their fusibility. 

a. Tin melts at 232° C. 

b. Aluminum melts at 655°. 

c. Silver melts at a high temperature, i. e., 
960°. 

2. A red bead. 

Indicates copper. This requires a very high 
temperature and a long continued heating. The 
bead is malleable. CuO also gives a red bead but 
it is brittle, thus it can be distinguished from met- 
allic copper. 

3. A yellow bead. 

Indicates gold. To melt gold a very high 
temperature is necessary, i. e., 1061°. 

c« The Substance Forms a Bead With an Incrustatfon* 

1. Lead. 

Gives a soft, malleable bead. The incrusta- 
tation is yellow and volatile. 

2. Cadmium. 

Bead soft and malleable. Incrustation red 
brown and volatile. 

3. Zinc. 

Bead is white, hard and rather brittle. The 
incrustation is yellow when hot and white when 
cold. See D.I. 
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4. Antimony. 

The bead is white, hard and brittle. The in- 
crustation is white and volatile. 

5. Bismuth. 

The bead is white, hard and brittle while the 
incrustation is yellow and volatile. 

d* The Stibstance Is Infusible and D^rk in Color* 

Indicates iron, chromium, manganese, nickel 
or cobalt. All of these are more or less attracted 
by the magnet. They may be distinguished by 
the borax or microcosmic bead. See section V. 

Many of the rare metals such as platinum, 
molybdenum and tungsten are found here. They 
are not at all magnetic. 

e« The Stibstance Burns Up or Deflagrates* 

This indicates a nitrate,' chlorate or some other 
substance ^containing oxygen which is given up 
easily. The salts of the alkali metals show this 
reaction best. 

f « The Substance Decrepitates or Crackles on Heating* 
Indicates a salt containing water inclosed in 
the crystals. Such are the halogen compounds of 
the alkalies. 

g* The Substance Volatilizes* 

a. Tliose substances which form a sublimate 
in the closed tube will- volatilize on charcoal. 
They will usually give an incrustation on the char* 
coal like that formed in the tube. 
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b. Arsenic. POISON, hood. 
Forms a white incrustation which is very vol- 
atile and has an odor like garlic. 

Note — Arsenic is very poisonouA and when the student 
notices this garlic odor the work should be continued under a 
hood. It is well for the instructor to mark all poisonous sub 
stances as such so that the student may have warning. 

h« The Substance Bums* 

This indicates : 

1. A metal. 

Iron burns with brilliant sparks when finely 
divided leaving a residue of Fe208. 

Magnesium burns with a bright flash and 
leaves a white residue of MgO. 

2. Sulfur. 

Burns with a blue flame having the odor of SO,. 

u The Substance Is White, Infusible and Lummous 
When Very Hot* 

Allow to cool and add a few drops of cobalt 
nitrate and heat again. On cooling the following 
substances may be indicated : 

1. A blue color. 

Indicates AI2O3, Si02 and certain silicates, bor- 
ates and phosphates, such as those of the alkali 
metals. 

2. A pink or flesh color indicates MgO. 

3. Yellow green indicates ZnO. 
Blue green '* SnO. 
Dark greeu " iSbaO*. 



I 
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4. Violet. 
Indicates a borate, phosphate or arsenate of 

magnesium. 

5. Red brown when hot and light brown 
when cold. 

Indicates barium. Moisten the residue with 
water and test with red litmus paper. It will give 
an alkaline reaction . 

6. Gray. 
Indicates a compound of calcium or strontium. 

The residue will give an hlkaline reaction with 
moist litmus paper. 

Note — Any of the above metals will give the same re- 
actions if they are in salts which will change to oxids on heating. 

III. HEAT THE SUBSTANCE ON CHAR- 
COAL WITH SODIUM CARBONATE. 

Often a metal cannot be obtained firorn its 
salts with free access to air. To exclude the air 
and hasten the reduction the substance may be 
mixed with sodium carbonate. Hence if no met- 
allic bead is obtained with the tests under II, b 
and c, heat with sodium carbonate. 

1. Sulfur test. 

Sulfur in the form of sulfates does not readily > .,. 

react to form compounds by which its identity may 
be established. If any sulfur compound is heated 
on charcoal with -sodium carbonate it will be re- 
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duced to sodium sulfid. This if placed on a silver 
coin and moistened will produce a black stain of 
silver sulfid. This test merely indicates that the 
original substance contained sulfur, but does not 
show whether it was a sulfate, sulfite, hyposulfite, 
sulfocyanid or other compound. For special tests 
see sections VII and VIII. ! 



2. The magnesium test for sulfur. 

Heat a small quantity of the substance sup- 
posed to contain sulfur with a little powdered mag- 
nesium in a small tube. A slight explosion will 
take place with formation of magnesium sulfid. 
Allow to cool and then add a little water. Hydro- 
gen sulfid will be set free. See tests for phosphates 
section VIII. 

IV. THE SUBSTANCE IS HEATED ON PLAT- 
INUM WIRE IN A COLOR- 
LESS FLAME. 

Many substances when heated in a flame give 
to it a characteristic color. This is true particu- 
larly of the alkalies and the alkaline earths such 
as barium, calcium and strontium. 

The substance to be heated is first put into 
solution or made into a thin paste with water or a 
little hydrochloric acid. A loop is bent in a plat- 
inum wire, dipped in the solution and held in the 
tlanie. The foUowiug are characteristic : 
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1. A yellow flame. 

Indicates sodium. Sodium is present in small 
quantities in nearly all compounds so it will often 
obscure the characteristic flame of other metals. 
The yellow color will disappear if viewed through 
a piece of blue glass. 

2. A violet flame. 

Indicates potassium. The flame is visible 
through blue glass so can be detected in the pres- 
ence of sodium. 

Note — Arsenic, antimony and lead are often confused 
with pottfssium. If the student has any difficulty in making 
the distinction when working on an unknown substance, a 
comparison with the known material should be made to be 
sure of the difference in flame color. 

3. A red flame. 

Bright red indicates lithium. 
Carmine red indicates strontium 
Orange red indicates calcium. 

4. A green flame. 

Yellow green indicates barium or boric acid. 

The latter has a soapy feeling when rubbed 
between the fingers, hence may be readily dis- 
tinguished from the barium. 

B2O8 will give its flame best if moistened with 
H2SO4. 

Emerald green indicates copper. 

Grass green indicates thallium. Rare. 

A blue green flame of short duration indicates 
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phosphates. The reaction is best shown if the 
sample is moistened with H^SO^. 

5. A blue flame. 

Indicates copper chlorid, lead, arsenic or anti- 
mony. The last three substances will corrode the 
platinum wire. 

i 
V. THE SUBSTANCE IS HEATED IN A j 

BEAD OF BORAX OR MICRO- 

OOSMIO SALT. ! 

A small loop is bent on a platinum wire, the 
wire is heated and plunged into borax or micro- 
cosmic salt and heated further until the bead be- 
comes transparent. For most purposes both borax 
and microcosmic salt will act equally well. It is 
a little more difficult to keep the latter on the wire 
so the borax is generally used. 

After the bead* is prepared dip it while still 
warm into the substance to be tested. Care must 
be taken not to get too much. The following give 
characteristic tests. ! 

Use the oxidizing flame. 



HOT. 


COLD. 


1. Iron. 




Yellow to deep red. 


Yellow to CO 


2. Cromium. 




Yellow to green. 


Grass green. 


3. Nickle. 




Hed. 


Brown. 
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4. Cobalt. 

Blue. Blue. 

5. Manganese. 
Reddish violet or 

amethyst. Amethyst. 

6. Copper. 

Blue green. Blue green. 

7. Bismuth. 

Yellow. Colorless or opalescent 

8. SiO,. . 

Dissolves in the borax bead but in the micro- 
cosmic salt it is insoluble and forms an opaque mass 
which floats about in the bead. This is sometimes 
called the ''silica skeleton." 

Note— There is aome difference if the reducing instead 
of the oxidizing flame is used. These tests with the oxidizing 
flame alone are sufficiently characteristic to identify most of 
the metals. 

VI. THE SUBSTANCE IS FUSED ON PLAT- 
INUM FOIL WITH KNOs AND Na^COs. 

This test identifies the salts of chromium and 
manganese. They have been already indicated in 
the tests given, so fusion on foil simply confirms 
previous tests. 

1. Chromium. 

When a chromium compound is fused with 
NaaCOs and KNOs it will be oxidized to a chromate 
which appears as a yellow residue on the foil. 

To confirm, dissolve the chromate in hot wa- 
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ter, add acetic acid to neutralize the Na^COs, then 
precipitate the chromate with lead acetate. Yel- 
low lead chromate will be formed. 

2. Manganese. 

By fusion under the above circumstances man- 
ganese compounds are changed to manganates 
which appear as green deposits on the foil. Treat ^ 

this green deposit with boiling water and it will be I 

decomposed, setting free brown manganese dioxid. 

VII. TESTS FOR ACID RADICALS. 

The substance is dropped into concentrated 
sulfuric acid which has been heated to about 100°. 
Heat one cc. of concentrated acid about as hot as 
can be held in the hand. This will be near 100°. 
Heating any hotter will decompose the acid and 
confuse the results. The acid is heated thus be- 
cause many compounds form explosive gases when 
dropped into sulfuric acid and if it is hot these will 
decompose as fast as formed, so a dangerous ex- 
plosion cannot occur. , 

Hot sulfuric acid will decompose nearly all • 
salts, setting free their acid radicals. There are a 
exceptions however. Hence when a salt and hot 
acid are brought together a reaction will generally 
occur which will tell us the nature of its radical. 

1. No reaction. 

Indicates sulfates arsenates, phosphates and 
jnany oxids. See special tests, section VIII. 
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2. Hydrogen. 

Burns with a colorless flame. It indicates a 
free metal. Mixed with air it forms an explosive 
mixture. Thus it usually ignites with a slight ex- 
plosion. The hydrogen is a strong reducing agent 
so it may reduce the hot sulfuric acid to SOg. See 
SOj. If SO2 is obtained with concentrated acid 
repeat the experiment with the dilute. 

3. Oxygen. 

Indicates some highly oxidized compound such 
as peroxids, permanganates, chlorates, etc. 

4. Carbon dioxid. 

Indicates a carbonate, oxalate or some organic 
compound which is easily decomposed by H^SO^. 
Organic compounds generally blacken with hot 
sulfuric acid as they do when heated alone. They 
give off odors like burnt sugar. The carbon di- 
oxid may be recognized by decanting the gas, 
which is heavier than air, into a test tube in which 
there is a small quantity of calcium hydroxid. A 
white precipitate will be formed. 

5. Carbon monoxid. 

Burns with a blue flame. Indicates a formate, 
oxalate, cyanid, ferro- or ferri-cyanid or certain 
organic compounds. Oxalates decompose with 
sulfuric acid to form both carbon monoxid and 
dioxid. 

6. Hydrochloric acid. 

Has a sharp odor. It gives white fumes with 
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ammonia. Indicates a chlorid. • Hydrobromic and 
nitric acids may be confused with hydrochloric. 
To distinguish, add a little manganese dioxid and 
chlorin will be set free which may be recognized by 
its yellow green color. 

7. Hydrobromic and hydroiodic acids. 

Both give white fumes with ammonia. Both ^ 

have a sharp odor like hydrochloric acid. They , I 

may be easily identified however as they decompose 
slightly with the hot acid and set free bromin and 
iodin. To confirm add a little manganese dioxid 
and heat. Large quantities of bromin and iodin 
will be formed. 

8. Hydrofluoric acid. HF. 

Is a colorless fuming gas with a very sharp 
odor much like that of the other halogen acids. 
It is very dangerous to inhale so must be made in 
very small quantities. It dissolves nearly all sub- 
stances including glass so it may be identified by 
placing a piece of glass over the mouth of a test 
tube in which it is being generated. Allow to 
stand for several hours and the glass will be etched 
even if the quantity of acid was very small. 

9. Hydrocyanic acid. POISON. 

Recognized by its odor which is like that of ^ 

KCN. Given also by dilute acid. It; burns with 
a crimson flame. It indicates a cyanid, sulfocyan- 
id, ferro- and ferri-cyanids. ' 

Note— The cyanida are such dangerous bodies that the 
student should not be allowed to work with them without hav- 
ing a full knowleilge of their character. 
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Hydrocyanic acid is known in medicine in the 
form of a very dilute solution under the name of 
Prussic acid. It is one of the most powerful poi- 
sons known. 

10. Hydrogen sulfid. 

Indicates a sulfid. It may be recognized by 

its odor. Dilute acid also gives the reaction. 

Note — A powerful reduciDg agent such as free iodin wiU 
sometimes reduce conceutrated sulfuric acid to H2S, 

11. Sulfur dioxid. 

Indicates a sulfite or thiosulfate. The thio- 
sulfate gives a precipitate of free sulfur also. 
Sulfites and thiosulfates are decomposed by dilute 
as well as concentrated sulfuric acid. 

Copper, lead, mercury, carbon and many other 
reducing agents when heated with concentrated 
sulfuric acid reduce it to SOj. The dilute acid is 
not reduced. 

12. Nitrogen peroxid. 

Is a reddish brown gas. Indicates a nitrate 
or nitrite. The nitrites are decomposed by .dilute 
acid while the nitrates require the concentrated. 

13. Nitric acid. 

Indicates a nitrate. The acid has much the 
same properties as the halogen acids, i. e., has a 
sharp odor, will fume with ammonia, etc. Intro- 
duce a small piece of copper and red fumes of NO^ 
will be set free. 
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14. Chlorin. 

Indicates a hypochlorite. It is formed also by- 
dilute acids. 

15. Chlorin peroxid Glfi^. 

Is a heavy gas of yellow green color which 
has an odor somewhat like that of a mixture of 
chlorin and ozone. It is very explosive, decom- 
posing readily into chlorin and oxygen. Hence 
when a chlorate is dropped into hot sulfuric acid 
it will snap and crackle in a furious manner. In 
the hot acid the ClgO^ decomposes as fast as formed. 
If the acid were not hot, enough of the gas might 
accumulate to cause a very dangerous explosion. 

16. Bromin and iodin. 
Indicate bromids and iodids. 

17. Acetic acid. 

May be recognized by its vinegar-like odor. 
Add a little alcohol to the mixture of acetate and 
hot acid and a pleasant apple-like odor of ethyl 
acetate will be noticed. (Ethyl acetate has the 
formula CH3COOC2H,.) 

VIII. SPECIAL TESTS. 

1. Sulfates. 

Give no reaction with sulfuric acid. If sulfur 
was found by the test under III and there is no re- 
action with sulfuric acid the substance is a sulfate. 

Note— With sulfuric acid sulfites give SO2J sulflds give 
H2S aad thiosulf ates give both S and SO^. 
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2. Sulfocyanids. 

With sulfuric acid give both HON and free 
sulfur. See VII, 9. 

3. Boric acid and borates. 

If placed in concentrated sulfuric acid with a 
little alcohol and warmed will form ethyl borate 
which burns with a green tipped flame. 

4. Phosphoric acid and phosphates. 

Heat the substance with powdered magnesium 

in a small glass tube. Use small quantities. 

There will be an energetic combination with the 

formation of magnesium phosphid Mg3P2. If the 

phosphate contained water phosphin (PH3) will be 

formed which may be recognized by its odor which 

is like that of rotten fish. If no odor of phosphin 

is noticed at once, allow to cool and add a drop or 

two of water. If the quantity of phosphin is great 

it will take fire spontaneously. 

Note — Hypophosphites when heated alone wiU give 
phosphin. 

5. Oxids. 

Most of the common oxids give no reaction 
with hot sulfuric acid, so when a substance gives 
no reaction with acid and is not a sulfate, borate 
or phosphate it is probably an oxid. 
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THE METALS AND THEIR REACTIONS. 



There are in all about 40 elements recognized 
as metals in distinction to non-metals, but of these 
only 23 are common enough to be worth our study. 
Arsenic although a non-metallic element is gen- 
erally classed with the metals for purposes of an- j 
alysis. 

In the following pages the metals have been 
classified according to the most common usage 
into six classes or groups. The reason for this sys- 
tem will appear after we have made a careful study 
of the metals and are ready to consider them in 
their relations to one another. 

A few definitions will help us in our study of 
the text. 

1. A Precipitate. Is any substance which 
having been dissolved in a liquid, falls to the bot- 
tom of the containing vessel on the addition of 
some chemical agent -v^^hich decomposes the com- 
pound in solution. 

2. A Reagent, Is any substance used to 
cause a chemical change in another substance for 
the purpose of identifying its component parts. 

3. Filtration. Is the process of separating 
a precipitate from the liquid in which it is held by 
pouring the liquid and precipitate on some mater- 
ial such as filter paper wliich will retain the solid 
matter and allow the liquid to pass through . 
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4. Decantation. Is the process of separat- 
ing a liquid from a precipitate by pouring off the 
liquid after the precipitate has been allowed to 
settle. 

5. Analysis. Is the process of separating a 
compound into its component parts and determin- 
ing the nature of each part. 

6. Qualitative Analysis. Concerns itself 
with determining the nature of the component 
parts of a substance. 

7. Quantitative Analysis. Determines the 
numerical relations between the component parts 
of substance, i. e., determines its percentage com- 
position. 

LEAD. 
Symbol Pb. Atomic weight, 206.9. 

The symbol is derived from the Latin name of 
lead (plumbum). 

Lead rarely occurs free in nature. It is us- 
ually. in the form of an oxid such as PbO or PbgO^, 
as sulfid PbS (galena), carbonate PbCOg (cerus- 
site), sulfate PbSO^ (anglesite), etc. 

Lead has been known since very early times, 
being mentioned in the books of Job and Numbers 
of the Old Testament. 

Preparation. Lead is usually made from its 
ores by roasting them in furnaces of special design 
with some reducing agent such as carbon. 



332 METALS 

Exp. 1. Examine as many of the ores of lead 
as can be obtained. Note particularly : 

a. The color. 

b. The form. 

c. The hardness. 

d. The malleability. 

These are the chief metallic characteristics 
which we should notice in all the metals studied. 

Exp. 2. Heat a sample of lead on charcoal 
with a blow-pipe. Use the oxidizing flame. To 
obtain the oxidizing and reducing flames see the 
subject of Blow-pipe Analysis. 

Note the color of the incrustation (the deposit 
on the charcoal.) Note the bead formed. Exam- 
ine as to its metallic characteristics. 

Note — For complete blow-pipe reactions of the metals see 
Blow-pipe Analysis. 

Exp. 3. Solubility of lead. 

Treat a small sample of the metal with : 

a. Water, cold and hot. 

b. Hydrochloric acid, cold and hot. 

c. Nitric acid, cold and hot. 

Reaction. 3Pb+8HN03=3Pb(N03)2 (lead ni- 
trate) + 2NO+4H20. 

d. Concentrated sulfuric acid, hot and cold. 
Reaction. Pb+H2SO,=PbSO,+ 2H20 + S02. 

What is the best solvent for lead of those 
tested? 



1 
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NOTE—Before testiDg a solution of a metal made by dis- 
solvingf it in an acid it must be first freed from an excess of 
acid by evaporating nearly to dryness. The solution may then 
be diluted with water to make a quantity large enough to 
work with. 

Exp. 4. With the solution which you have 
made or with one furnished by the instructor try 
the following reactions. Use small quantities of 
solution and reagents. One cc. .of solution is 
enough. 

1. Sodium hydroxid will precipitate white 
Pb(OH),. 

With a solution of lead nitrate the reaction 
will be as follows : 

Pb(N03)2+2NaOH=Pb(OH)2+2NaN03. 

The lead hydroxid dissolves in an excess of 
the sodium hydroxid forming sodium plumbite 
Na^PbO^. 

Pb(OH)2+2NaOH=Na2Pb02+2H20. 

2. Ammonium hydroxid precipitates the 
same but the precipitate is insoluble in excess. 

Pb(N03)2 + 2NH,0H = Pb(0H)2 + 2NH,N03. 

3. Sodium or ammonium carbonates precipi- 
tate white PbC03. 

Pb(N03)2 + Na2C03=PbC03 + 2NaN03. This 
reaction takes place if the solution is cold. If hot 
a compound is formed known as white lead. 

3Pb(N03)2+8Na2C03+H20=Pb3(OH)2(C03)2+ 
6NaN03+C02. 

4. Hydrogen or ammonium sulfid will pre- 
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cipitate black PbS. 

Pb(N03)2+H2S=PbS + HN03. This precipi- 
tate is insoluble in cold dilute acids but soluble in 
hot nitric as follows : 

Dilute nitric. 8PbS + 8HN03=3Pb(N03)2+ 
4H2O+2NO+3S. , 

Concentrated acid. 3Pb(N03)2 + 8HN03= Y 

3PbSO,+4H20 + 8NO. ' * 

5. Potassiuna iodid precipitates yellow Pblg. 
Pb(N03)2+2KI=Pbl2+2KN03.' 

This precipitate is soluble in warm water from 
which solution it will crystallize in yellow scales 
on cooling. Add about four volumes of water and 
boil. Allow to cool slowly. 

6. Potassium chromate precipitates yellow 
PbCrO,. 

Pb(N03)2+K,CrO,=PbCrO,+ 2KN03. 

7. Potassium ferrocyanid precipitates white 
Pb,Fe(CN),. 

2Pb(N03)2 + K,FeCN,=Pb2Fe(CN)e + 4KNO3I 

8. Hydrochloric acid or any soluble chlorid 
will precipitate white PbClg. 

Pb(N03)2+2HCl=PbCl2+2HN03. 

9. Sulfuric acid or soluble sulfates will pre- 
cipitate white PbSO^. 

Pb(N03)2+ H2S0,=PbS0,+ 2HNO3. 

10. Metallic zinc will completely precipitate 
lead in the metallic form from its solutions. 

Pb(N03)2+Zn=Pb+Zn(N03)2. 
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Note — The reactions have been given under the subject of 
lead as a guide to the student. In general all reactions except 
those that are very difficult will be omitted. The student 
should be required to write them for himself, referring to the 
larger works on general chemistry and qualitative analysis for 
information. 

Lead will react with many more reagents than 
are here stated but these given are most commonly- 
used in analysis. For complete reactions see the 
larger works on qualitative analysis, such as Pres- 
cott and Johnson's Qualitative Analysis, etc. 

SILVER. 

Symbol Ag. Atomic weight, 108.93. 

The name comes from the Latin name Ar- 
gentum. 

Silver occurs both in the free and combined 
state. Some of the most important ores are AggS 
(argentite) , AggSbSg (pyrargyrite) , AgCl (chlorar- 
gyrite), etc. 

Silver has been known since very early times. 
It is one of the metals which is found in the earth 
in a pure state and all such were known long be- 
fore those which need much manipulation to free 
them from their ores. 

Exp. 5. Heat a sample of any good silver ore 
on charcoal with the oxidizing flame. The re- 
duction of a silver ore is very difficult as the melt- 
ing point of the metal is very high, 960° C. The 
student will be obliged to heat the ore a long time 
and will obtain a very small bead. Examine this 
for its metallic characteristics. 
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When pure, silver gives only a very slight in- 
crustation but certain of its ores give one which 
is red. 

Exp. 6. Solubility. 

a. Try water, cold and hot. 

b. Try dilute HNO3 cold and hot. 

c. Try concentrated HNO3. 

d. Try concentrated HCl. 

e. Try concentrated HgSO^. Which is the 
best solvent? Write out all the reactions, foUow- 
owing the models given for lead. 

Exp. 7. With a solution of silver nitrate try 
the reactions of the following reagents : 

1 . Sodium hy droxid precipitates brown Agfi . 
Insoluble in excess but soluble in NH^OH. 

2. Ammonium hy droxid precipitates the 
same, soluble in excess. 

The precipitate is so soluble that the ammonia 
must be very dilute. To a few drops of ammonia 
in a test tube add twenty times as much water, 
then add a few drops of this to the silver solution, 

3. Sodium carbonate precipitates very light 
yellow AggCOg. Insoluble in excess but soluble in 
ammonium hy droxid. 

4. Soluble sulfids such as HgS precipitate 
black AggS. Soluble in HNO3. Insoluble in 
NH.OH. 

5. Potassium iodid precipitates light yellow 
Agl. 
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6. Potassium cliromate precipitates red brown 
Ag^CrO,. Soluble in HNO3 and in NH.OH. 

7. Hydrochloric acid and soluble chlorids 
precipitate white AgCl. Soluble in NH^OH and 
KCN. With NH.OH it forms (NH3)3(AgCl)2. 
From this solution the AgCl is again precipitated 
on addition of HNO3. 

8. Potassium cyanid precipitates white AgCN. 
Soluble in excess to form AgCN(KCN). Frorir- 
this AgCN is precipitated with HNO3. 

MERCURY. 
Symbol Hg. Atomic weight, 200.3. 

The symbol comes from the Latin name hy- 
drargyrum. 

Mercury occurs in two modifications, as a 
monovalent and as a divalent element. It forms 
two classes of compounds which differ from each 
other greatly. These classes are designated as 
mercurous and mercuric compounds respectively. 

Mercury occurs in the free state as well as in 
the form of ores. The most common of these is 
the sulfid HgS cinnabar. The othera are for the 
most part amalgams of the other metals for which 
mercury has a great affinity. 

Mercury was first mentioned about 300 B. C. 
in the writings of , the Greek philosopher, Theo- 
phrastus. 

Exp. 8. Examine a piece of cinnabar. NotQ 
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the color, etc. Powder and note color again. 
Heat on charcoal. Heat in a small glass tube 
with a bit of charcoal. Note the deposit of metal- 
lic mercury on the walls of the tube. 

Exp. 9. Try the solubility of both metallic 
mercury and cinnabar in the common acids. Try 
with a niixture of nitric and hydrochloric acids. 
How does the solubility of the mercury diflFer from 
the cinnabar? 

Reaction for the mixture of nitric and hydro- 
chloric acids : 

3HC1+HN03= { NOCI2+CI ) +2H2O, or 
I N0C1+2C1 \ 

This mixture is called '*aqua regia" because 
it will dissolve all metals, among them gold, ''the 
king of metals." 

Exp. 10. Reactions for mercurous mercury 
Hg'. 

Use a solution of mercurous nitrate HgNOg. 

1. Sodium hydroxid precipitates black HggO. 
Insoluble in excess of the reagent. On boiling it 
decomposes into HgO and Hg. 

2. Ammonium hydroxid or ammonium carbon- 
ate precipitates black amido mercurous nitrate 
(Hg^NH^NOg.) 

2HgN03+2NH,OH=NH2Hg2N03+ NH,N03+ 
2H2O. 

3. Sodium carbonate precipitates first black 
Hg^COg which changes to a compound of variable 
composition, 
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4. HjS produces black HgS mixed with Hg. 
2HgN03+H2S=HgS + Hg+2HN03. 

This precipitate is soluble in aqua regia. By 
boiling with nitric acid it is changed to a white 
compound HgN032HgS. 

5. Potassium iodid precipitates yellow green 
Hgl. This dissolves in an excess of the reagent to 
to form Hgl22KI while metallic mercury is pre- 
cipitated . 

2HgI + 2KI=HgI,(KI),+Hg. 

6. HCl precipitates white HgCl. The same 
result is produced by any soluble chlorid. This 
precipitate is changed to black amido mercurous 
chlorid NHgHggCl on adding ammonia. 

7. H2SO4 and soluble sulfates precipitate 
white HgSO^. This is slightly soluble in water so 
the precipitation is not complete. 

8. Stannous chlorid in small quantities pre- 
cipitates white HgCl and in excess reduces the 
HgCl to metallic mercury. So the precipitate will 
be first white then black. 

9. Metallic copper or zinc precipitates metal- 
lic mercury from the solutions that have been 
acidified with HCl. 

Reactions of mercuric compounds. Hg". 
Exp. 11. Use a solution of HgClg. 

1. NaOH precipitates yellow HgO. In- 
soluble in excess. 

2. NH4OH or (NH4)2C03 precipitates white 
amido mercuric chlorid NHgHgCl. 
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3. HgS precipitates at first white HgClgHgSg. 
This changes to a yellow compound, then to orange 
and at last to black HgS. 

4. KI precipitates red Hglg. Soluble in ex- 
cess of the reagent to form Hgl2(KI)2. 

5. Stannous chlorid and other reducing agents 
produce first HgCl and then metallic mercury. 

Make out a table of reactions comparing mer- 
curous and mercuric mercury. 

It will be noticed that the, three metals lead, 
mercurous mercury and silver all form a white 
precipitate with HCl. We will see later that they 
are the only metals which give insoluble com- 
pounds with this acid. They are classed in a group 
by themselves called the first group. 

A reagent which like HCl will precipitate the 
metals of a group is called a group reagent. 

BISMUTH. 
Symbol Bi. Atomic weight, 208.5. 

Bismuth is a comparatively rare metal. It is 
found chiefly in the free state and in the form of 
BigOg (bismuth ochre) . Less frequently it is found 
as BigSg (bismuthite), etc. 

Exp. 12. Fuse a small sample of bismuth on 
charcoal. Note the character of the incrustation 
and the bead. How does it compare with that of 
lead in its physical properties? 

Exp. 13. Try the solubility of bismuth in 
the common acids. 
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Exp. 14. Reactions. 

Use a solution of Bi(N03)2. 

1. Pour a little of the bismuth solution, into 
a test tube of water. A white precipitate of 
Bi(OH)2N03 will be formed if there is not too much 
free acid present. . Bismuth requires some free acid 
to keep it in solution and this will interfere with 
the test given. Add NH^OH to a bismuth solution 
until a precipitate just begins to form, then a drop 
or two of acid so the precipitate just dissolves, then 
tho solution will be in condition for the test. 

Bi(N03)2+2H20=Bi(OH)2N03+2HN03. 

2. Na()H or NH^OH precipitates white 
Bi(0H)3. 

3. NiagCOg or (NHJ2CO3 precipitates white 
bismuth c-erbonate (BiOjgCOj. 

4. Soluble sullids precipitate BigSg. Soluble 
in HNO3 l)ut insoluble in (NHJ^S. 

5. Acid sodium phosphate NagHPO^ precipi- 
tates white BiPO^. 

6. KI precipitates Bil3. Soluble in excess. 

7. KgCrO^ precipitates a chromate of peculiar 
composition [(BiO)2CrOj2Bi203. 

Reaction 8Bi(NO3)3+2K2CrO,+ 10H2O= [(Bi- 
O)2CrOj2Bi2O3+4KNO3+20H.NO3. The precipi- 
tate is yellow. 

8. To a small quantity of SnClg add NaOH 
until the precipitate which forms at first is again 
dissolved, then to this solution add a little Bi(N03)3. 
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White Bi(0H)3 will be formed which will change 
to black BigOg especially on heating. 

SnCl2+2NaOH=Sn(OH)2+2NaCl. 

Sn(OH)2+2NaOH=Na2Sn02(sodiumstannate) 
+H2O. 

Bi(N03)3+Na2Sn02(sodium stannate)=Na2Sn- 
03+Bi202+3H20. 

COPPER. 

Symbol Cu. Atomic weight, 63.6. 

The symbol is derived from the Latin name 
cuprum. 

Of all the metals copper is propably the first 
which was used very much. It occurs in the free 
state and needs little preparation to make it suit- 
able for weapons and utensils. 

It occurs free and in many compounds as CuO 
(tenorite or melaconite), CU2O (cuprite), CUCO3+ 
Cu(0H)2 (malechite), etc. 

Exp. 15. Mix a sample of a copper compound 
with Na2C03 and heat on charcoal. Note the char- 
acter of the metallic bead. There will be no in- 
crustation. 

Bend a loop in a platinum wire, heat and dip 
into borax. Heat the bead thus formed until it 
becomes clear then dip into a copper compound 
and heat again until clear. Note the color of the 
bead. 

Exp. 16. Solution. Try to dissolve copper 
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in all the common acids and note the gases given 
off. Write the reactions in each case. Examine 
all the different copper compounds you can find in 
the laboratory. Note the prevailing color. 

Exp. 17. Reactions. Any copper solution 
may be used. 

1. NaOH precipitates blue Cu(0H)2. Insol- 
uble in excess of reagent but soluble in NH^OH. 
If an excess of the reagent is added and the solu- 
tion boiled the blue Cu(0H)2 becomes black 
Cu(OH)2Cu02. 

2. NH4OH precipitates a light blue copper 
compound which dissolves easily in excess produc- 
ing a deep blue solution of copper ammonium sul- 
fate CuSO,(NH3),H20. 

Reaction. CuSO,+4NH,OH=CuSO,(NH3),. 

If KCN is added to the solution the blue color 
will disappear with formation of Cu(CN)2(KCN)2. 

3. Carbonates precipitate blue Cu2(OH)2C03. 

4. Sulfids precipitate black CuS. Soluble in 
KCN and in HNO3. 

5. KCN precipitates yellow green Cu(CN)2. 
Soluble in excess to form Cu(CN)2(KCN)2. 

6. KI precipitates white CUglg and free iodin. 
Because of the free iodin the precipitate is brown. 
Adding HgSOg makes the precipitate white as this 
reagent removes the iodin. 

7. K4 Fe ( CN ) g precipitates red brown 

Cu,Fe(CN),. 
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8. Place a piece of clean iron wire in a cop- 
per solution. The copper will be precipitated on 
the wire. 

CADMIUM. 
Symbol Cd. Atomic weight, il2.4. 

m 

Cadmium is a rare metal occuring as carbon- i 

ate and oxid with certain zinc ores. As the sulfid 
CdS it occurs in the mineral greenockite. 

Exp. 18. Examine a piece of cadmium not- 
ing its physical properties. 

Mix a compound of cadmium with sodium 
carbonate and heat on charcoal. Note the bead 
and the incrustation. 

Exp. 19. Try the solubility of cadmium in 
the common acids. 

Exp. 20. With a solution try the following 
reagents : 

1. NaOH precipitates white Cd(0H)2 Insol- 
uble in excess. 

2. NH^OH precipitates the same compound, 
soluble in excess. 

3. NagCOg and (NHJ2CO3 precipitate white 
CdCOa. 

4. II2S precipitates yellow CdS. Insoluble 
in (NH4)2S. Soluble in warm dilute acid. 

5. KCN precipitates white Cd(CN)2. Soluble 
in excess to form Cd(CN)2(KCN)2. 

6. KgCrO^ precipitates slowly a yellow chrp^ 
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mate having this composition, Gd2(OB.)^GrO^. 

Reaction. 2Cd(N03) +K2CrO,+ 2H20=Cd2. 
(OH)2CrO,+ 2KN03+2HN03. 

ARSENIC. 
Symbol As. Atomic weight, 75. 

Arsenic although a non-metal of the nitrogen 
family exhibits so many metallic properties that it 
must be classed with the metals for purposes of 
analysis. For properties and general reactions 
see Part 1. 

Exp. 21. Dissolve a small quantity of AsgOg 
in hydrochloric acid and try the following reactions : 

1. HgS produces a yellow precipitate of AS2S3. 
Treat the precipitate with the following solvents : 

a. HCl, b. NH.OH, c. (NHJ2CO3, d. (NHJ^S^. 
With the latter (NHJgAsS^ is produced which will 
give ASgS. on treatment with HCl. 

(NHJgSx or yellow ammonium sulfid is the 
best solvent of AS2S3. The x indicates that the ex- 
act quantity of sulfur in the compound is unknown. 

Arsenic solutions give no other solutions with 
the common reagents. 

Note— Arsenic exists both as a tri and a pentavalent ele- 
ment. If a pentavalent compound is treated with B.2S it is 
firrtt reduced to the trivalent compound and then the arsenic is 
precipitated as A^gSg. The reduction takes place more quick- 
ly if the solution ig warm. 
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ANTIMONY. 
Symbol Sb. • Atomic weight, 120. 

The symbol comes from the Latin name, stibium. 

Antimony has been known since Old Testa- 
ment times although not in the metallic form. 
The sulfid SbjS, was the first compound well known. 

Antimony occurs in the free state and in many 1' 

compounds, of which S\S^ (stibnite) is the most 
common. It does not occur in great quantities. 

Exp. 22. Examine a piece of antimony. 
Heat a piece on charcoal and note the incrustation. 
On this drop a little Co(N03)2 solution and heat 
again. Note change in color of the incrustation. 
See Blow-Pipe Analysis. Note the hardness, mal- 
leability, etc., of the bead. 

Exp. 23. Try the solubility of antimony in 
the common acids. Try in a mixture of HNO3 ^^^ 
HCl. What is the best solvent? 

Exp. 24. With a solution of SbClg try the 
following : 

1. Water precipitates white SbOCl (antimony 
oxychlorid). 

SbCl3+H20=SbOCl + 2HCl. If too much free 
acid is present the reaction will not take place. 
See Bismuth, Exp. 14, 1. 

2. NaOH precipitates white SbOOH. Sol- 
uble in excess to form NaSbOg. 

3. NH4OH or (NHJ2CO3 precipitate the same, 
lusoluble in e3{:cess. 
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4. HgS precipitates red SbgSg. Insoluble in 
(NHJ2CO3 but soluble in (NHJ^S^. 

Sb2S3+(NHj2Sx=(NH,)3SbS,. From this so- 
lution HCl precipitates SbgSj. 

2(NHj3SbS, + 6HC1 = Sb^S.+eNH.Cl+SH^S. 

5. Place a drop of antimony solution on a' 
piece of platinum foil and touch it with a piece of 
zinc. The antimony will be precipitated on the 
foil as a black stain. 

TIN. 
Symbol Sn. Atomic weight, 118.5. 

The symbol comes from the Latin name of tin , 
stannum. 

Tin, like arsenic, mercury and many other 
elements, forms compounds in which the element 
acts in two valence relations. Tin acts as a bl- 
and a tetravalent element forming stannous and 
stannic compounds. 

Tin was one of the metals recognized very 
early in the world's history. It is found in the 
free state and also in the form of compounds. The 
chief ore of tin is the oxid (SnOg) tin stone or cas- 
siterite. 

Exp. 24. Examine a piece of tin. Bend it 
and note the crackling noise. Fuse a small piece 
on charcoal. Does it fuse easily? Is there an in- 
crustation? 

Exp. 25. Try to dissolve tin in the common 
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acids both dilute and concentrated. The reactions 
are different especially in the case of the nitric 
acid which forms two compounds, as follows : 

Dilute. 4Sn+10HNO3=4Sn(NO3)2+NH,NO3 
+ 3H2O. 

Concentrated. 3Sn+4HN03=3H2Sn03 (stan- 
nic acid)+4NO+H20. 

Reactions for stannous tin Sn". 

Exp. 26. With a solution of SnClg try the 
following : 

1. NaOH precipitates white Sn(0H)2 soluble 
in excess to form NagSnOg (sodium stannite) . 

2. NH4OH or (NHJ2CO3 precipitate the 
same, soluble in excess. 

3. HgS precipitates black or dark brown SnS. 
Soluble in (NHJgSx forming ammonium thio-stan- 
nite (NHJ^SnSg. 

From this solution HCl precipitates yellow 
SnS^. 

4. Stannous compounds are strong reducing 
agents. Treat a solution of silver nitrate with 
SnClj. Metallic silver will be formed. Try the 
same with HgClg. A white precipitate of HgCl is 
formed which will change to black Hg especially 
on heating. 

Reactions for stannic tin. Sn"". 
On standing, stannic solutions decompose 
with formation of Sn(0H)2. 

Exp. 27. To change a stannous solution to a 
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stannic. Heat a solution of stannous chlorid with 
HCl and a few crystals of KCIO3. Chlorin will be 
set free which will oxidize the stannous chlorid to 
stannic SnCl^. Boil the solution until the odor of 
chlorin disappears and with it try the following: 

1. NaOH precipitates white stannic acid 
HgSnOg. Soluble in excess to form sodium stan- 
nate NagSnOg. 

2. NH^OH precipitates the same, insoluble 
in excess. 

3. HgS precipitates yellow SnS2. Soluble in 
(NHJSx to form ammonium thio-stannate 
(NHJgSnSg. 

ALUMINUM. 
Symbol Al. Atomic weight, 27.1. 

The compounds of aluminum, the alums and 
alumina (AlgOg), have been known for a long time 
but it was not until 1827 that the free metal was 
made. It was first obtained by the chem'ist Wct^h- 
ler. Since the introduction of the electric furnace 
the metal has become common and comparatively 
cheap. 

Except silicon and oxygen, aluminum is the 
most widely distributed element. It occurs in 
many forms, as A]fi^ in the mineral corundum. 
In combination with potassium and sodium it 
forms the great classes of minerals, the micas, 
feldspars and the products resulting from their de- 
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composition, the clays. 

Exp. 28. Examine as large a piece of alum- 
intrm as can be found. What is its most striking 
characteristic? Fuse a small sample on charcoal. 
Examine the bead with respect to its physical 
properties and compare with tin. Heat a bit of 
AljOj on charcoal, add Co(N03)2 and heat again. 
Note color. 

Exp. 29. Try the solubility of Al in acids . 
Try NaOH and KOH. Write the reactions. With 
a solution try the following : 

• 1. NaOH precipitates white A1(0H)3. Sol- 
uble in excess to formNaAlOg (sodium aluminate). 

2. Ammonium hydroxid precipitates the 
same, insoluble in excess in the presence of NH^Cl. 

3. NajCOj and (NHJ2CO3 precipitate the 
same with evolution of CO,. 

2A1C13+3(NHJ2C03+3H20 = 2A1(0H)3+ 6N. 
H,C1+3C02. 

4. (NHJjS precipitates the same with evolu- 
tion of HgS. 

2A1C13+3(NHJ2S + 3H2O = 2A1(0H)3+6NH,. 
Cl+SH^S. 

5. NajHPO^ precipitates white AlPO^. 

Note -Non-volatile substances of organic origin such as 
sugar, tartaric acid, etc., prevent precipitations 1, 2, 3 and 4. 

CHROMIUM. 

Symbol Cr. Atomic weight, 52.1. 

Chromium is not a very common substance 



METALS 351 

and does not occur in the free state. The chief 
sources of the metal are PbCrO^ (lead chromate) 
and FegCPgO^ (chrome iron stone or chromite). 

Chromium is made from its compounds by re- 
ducing them with some powerful reducing agent 
such as metallic magnesium or sodium, or- by 
means of the electric furnace. It is a tin white 
metal somewhat harder than glass and melts at 
a very high temperature, higher than the melting 
point of platinum. The pure metal dissolves in 
the common acids. 

Exp. 30. Make a borax bead and dip it into 
a solution of some chromium compound. Heat in 
the flame of a burner. Note the color. With 
a solution try the following reactions : 

1. NaOH precipitates gray green Cr(0H)3. 
Soluble in excess to form a dark green solution of 
sodium chromite NaCrO^. 

2. NHpH precipitates the same. Insoluble 
in excess except in slight degree and not at all if 
NH4CI is present. 

3. Na^COg and (NHJ2CO3 precipitate Cr(0H)3 
liberating COg. See Al 3. 

4. (NH^jgS precipitates the same with evolu- 
tion of HgS. 

5. NagHPO^ precipitates gray green CrPO^. 
Soluble in acids and NaOH. 

6. Heat a salt of chromium such as Cr(0H)3 
on platinum foil with 9, mixture of KNO, and Na^- 
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CO3. A green chroraate will be formed. Confirm 
by dissolving in hot water, adding acetic acid to 
decompose the NaaCOg, then adding lead acetate. 
A yellow precipitate . of lead chromate will be 
formed. 

2Cr(OH),+3KN03+2Na,C03=2Na2CrO,+ 3K- 
NO2+3H2O + 2CO2. 

IRON. 

Symbol Fe. Atomic weight, 56. 

The name comes from the Latin n a.me ferrum. 

Iron exists in two states of valence, i. e., of 2 
and 3. It is tlie most useful of all metals and one 
of the most comjnon. It has been known for 
a long time although probably not as long as those 
metals which occur more frequently in the free 
state. It w^as first made from its ores by the an- 
cient Hindus. 

Iron rarely occurs in the free state because it 
has such a great affinity for oxygen. The most 
common ores are the oxids, Fe^O.^ (red haematite), 
HgFe^Og (brown hematite), Fe^O^ (magnetic iron 
ore), FeCOg, FeS2, etc. 

Exp. 31. Examine a piece of pure iron such 

as piano ware. Fuse on charcoal. Test tlie bead 

ithus made wuth a magnet. Heat a bit of iron or 

one of its compounds in a borax bead. Note tlie 

color when hot and when cold. 

P]xp. 32. Make a solution of FeClj^ and test 
in the following manner. 
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1. NaOH precipitates Fe(0H)2. This changes 
to a dirty green, then to brown by oxidation to 
Fe(0H)3. The precipitation is not complete if 
ammonium salts are present. 

2. NH4OH partially precipitates Fe(0H)2. 

3. Na2C03 and (NHJgCOg precipitate white 
\ FeCOg which quickly changes to Fe(0H)3. 

4. HgS gives no precipitate when the solution 
is acid. When neutral it precipitates the iron as 
FeS. 

5. (NHJ2S precipitates black FeS. 

G. KCN precipitates brown Fe(CN)2. Soluble 
in excess to form K4Fe(CN)g, potassium ferro- 
cyanid. 

7. KSCN (potassium sulfocyanid) has no ef- 
fect oil a ferrous solution if free from ferric. 

8. K4Fe(CN)g (potassium ferro-cyanid) preci- 
pitates light blue potassium ferrous-ferro-cyanid, 
K,Fe3[Fe(CN)J, 

9. K3Fe(CN)g (potassium ferri-cyanid) pre- 
cipitates a deep blue compound called '^ Turnbuira 
blue," Fe3[Fe(CN)j2. 

Exp. 33. With a ferric solution such as ferric 
nitrate try the following : 
' i. NaOH and NH^OH precipitate red brown 

Fe(0H)3. 

2. Na2C03 and (NHJ2CO3 precipitate the 
j same with evolution of COg. 

I 3. HgS reduces ferric salts to fe^^rpus with 

precipitation of sulfur, 
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4. (NH^jgS reduces ferric iron to ferrous, pre- 
cipitates sulfur and FeS. 

5. NagHPO^ precipitates yellowish white 
FePO,. 

6. KSCN produces a blood red color in a fer- 
ric solution due to formation of Fe(SCN)3. This 
is one of the most delicate reactions for ferric iron 
and is the one most used to distinguish between 
ferrous and ferric compounds. 

7. K4Fe(CN)^ precipitates " Prussian blue," 
Fe,[Fe(CN)j3. 

8. SnClg and other reducing agents reduce 
the ferric compounds to ferrous. 

Note — The ferrous salts change to ferric on being' exposed 
to the air. Thus nearly all solutions of ferrous salts will give 
reactions for ferric. If it is desired to change a ferrous com- 
pound completely to a ferric, add HNO3 and boil or add HCl 
and KCIO3. 

Reaction. 

6FeCl2+KC103+6HCl = KCl + SII.O+GFeClg. 
On the other hand if it is desired to change a ferric solution to 
a ferrous reduce it with a reducing agent such as SnCl2. 

2FeCl2+SnCl2=2FeCl + SnCl,. 
Make out a table comparing the reactions of 
ferrous and ferric iron. 

NICKEL. 

Symbol Ni. Atomic weight, 58.4. 

Nickel ore was first known about 1694 and was 
called Kupfer-nickel or false copper as it had much 
the appearance of copper. Many attempts were 
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made to pl*epare copper from it but without result. 
In 1754 the first pure nickel was made. 

Nickel occurs in many different ores although 
not in great quantity. It is usually found in com- 
pany with cobalt, a metal which is much like it in 
many particulars. The most common ores of nick^ 
el are NiAs (nickeline or .Kupfer-nickel), NiAsS 
(nickel glance), etc. 

Exp. 34. Examine a sample of nickel. Note 
the metallic characteristics. Examine as many 
salts of nickel as can be found. What is the char- 
acteristic color? Fuse a sample of the metal on 
charcoal. Test the bead with a magnet. Test 
with a borax bead. 

Exp. 35. Try the solubility of nickel in the 
common acids. With one of the solutions thus 
made try the following reactions : 

1. NaOH precipitates apple-green Ni(0H)2, 
insoluble in excess. Soluble in NH^Cl. To this 
precipitate add an excess of NaOH and boil, then 
add bromin water. The apple-green Ni(0H)2 will 
be oxidized to black Ni(0H)3. 

" 2. NHjOH precipitates the same, soluble in 
excess, forming a blue solution. This precipitation 
is prevented by ammonium salts. 

3. NagCOg and (NH4)2C03 produce apple-green 
carbonates of varying composition. 

4. HgS produces no precipitate in a nickel 
solution containing free acid. In a neutral solu- 
tion the Ni is partially precipitated as NiS. Acetic 
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acid is an exception, as the Ni is completely pre- 
cipitated from a solution of nickel acetate. 

5. (NHJgS precipitates NiS. 

6. NagHPO^ precipitates apple-green Ni3(P04)2 

7. KCN precipitates yellow green Ni(CN)2, 
soluble in excess to form Ni(CN)2(KCN)2. The 
Ni(CN) 2 will be again precipitated from this solu- 
tion on addition of HCl. 

To a solution of Ni(CN)2(KCN)2 add an excess 
of NaOH and boil, then add broniin water and 
Ni(0H)3 will, be formed. 

8. K,Fe(CN)g precipitates green Ni2Fe(CN)6. 

9. K3Fe(CN)g precipitates yellow-brown Nig- 
Fe(CN,)2. 

COBALT. 
Symbol Co. Atomic weight, 59. 

Cobalt very much resembles nickel in its pro- 
perties. The two metals usually occur together 
and are only separated with great difficulty. The 
metal was first recognized in 1742. 

Cobalt compounds were known long before 
the metal itself was isolated. Its compounds were 
used for coloring glass. 

Exp. 36. Cobalt acts in much the same way 
as nickel when heated on charcoal. Try a sample 
of metallic cobalt or one of its salts in a borax 
bead. 

Exp. 37. The solubility of cobalt is about the 
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same as that of Ni, but the reactions are quite dif- 
ferent. Note the color of as many cobalt salts as 
can be obtained. Then with a solution try the fol- 
lowing reflections. 

1. NaOH precipitates a blue salt of doubtful 
composition. If an excess of the reagent is added 
and then boiled Co (OH) 2 will be formed. On 
standing the red Co(OH)2 will gradually oxidize to 
brown Co(OH)3. Bromin water gives a reaction 
similar to that under Ni, t. 

2. NH4OH precipitates a blue compound from 
a neutral solution. This precipitate does not ap- 
pear in a solution containing ammonium salts. 

3. NagCOj and (NH4)2C03 precipitate a red- 
lilac carbonate of doubtful composition. 

4. HgS precipitates CoS from solutions which 
do not contain free mineral acid. 

5. (NH J 2^^ pi'^cipitates the same. 

6. NagHPO^ precipitates blue Co3(P04)2. 

7. KCN precipitates red-brown Co(CN)2. 
Soluble in excess of the reagent to form Co(CN)2- 
(KCN)2 or K,Co(CN)e. If NaOH and bromin wa- 
ter are added to this solution there is no precipi- 
tate. See Ni, 7. 

8. K4Fe(CN)g precipitates blue-green COgFe- 
(CN), 

9. K3Fe(CN)g precipitates brown Co3Fe(CNg)2. 

10. KNO2 added in excess to a solution of co- 
balt to which acetic acid has been added precipi- 
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tates yellow Co(CN2)3(KN02)3. The precipitate 
forms slowly, especially in dilute solutions. 

Reaction. Co(N03)2+7KNO + 2HC2H302=Co* 
(N02)3(KN02)3+ 2KNO3 + 2KC2H3O2+H2O+NO. 

MANGANESE. 

Symbol Mn. Atomic weight, 55. 

The ore of manganese, pyrolusite (MnOg) , has 
been known for a long time, being first mentioned 
by Pliny. He tells us that the ore was used to re- 
move impurities from glass. In early days no dis- 
tinction was made between pyrolusite and the mag- 
netic oxid of iron. It was believed that both were 
iron oxids. In 1774 the metal manganese was 
discovered. 

Manganese occurs chiefly in the mineral pyro- 
lusite-, also in braunite (Mn203), hausmannite 
(MugOJ, etc. 

Manganese occurs in four forms of valence, 2, 
3, 6 and 7. In the first two forms it acts as a met- 
allic substance, forming manganous and manganic 
compounds, while in the other two it acts as a non- 
metal forming manganic and permanganic acids. 
These are not well known in the free state, but 
their salts are common; i. e., KgMnO^ (potassium 
manganate) and KMn04(potassium permanganate). 

Properties. 

Manganese is a grey or white metal which 
looks much like cast iron. When pure it has so 
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great an affinity for oxygen that it cannot be ex- 
posed to the air, but must be kept under oil or in 
a sealed tube. Alloyed with iron it is more per- 
manent. It is very easily soluble in acids. 

Exp. 38. Heat a sample of manganese com- 
pound in a borax bead. Mix a sample with KNO3 
and NagCOg and heat on a platinum foil. 

Reaction. MnSO,' + 2Na2C03+3KN03 = Nag- 
MnO,+Na2SO,+2KN02+2C02. 

Exp. 39. With a solution try the following 
reactions : 

1. NaOHf precipitates white Mn(0H)2. This 
is not precipitated in the presence of NH^Cl. On 
standing the Mn(0H)2 will oxidize to brown 
Mn(0H)3. 

2. NH4OH precipitates the same in a neutral 
solution. In a solution which contains ammonium 
salts the precipitate does not appear at first but, on 
standing, the manganese is completely precipitated 
as Mii(0H)3. 

3. Na2C03 and (NHJ2CO3 precipitate white 
MnCO,. 

4. H2S gives no precipitate. 

5. (NHJ2S precipitates flesh-colored MnS. 

6. NagHPO^ precipitates white Mn3(POj2- 

7. K4Fe(CN)e precipitates white Mn2Fe(CN)g. 

8. K3Fe(CN)g precipitates brown Mn3Fe- 



(CN,) 



9. Place a little PbgO^ in a test tube with 
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about 2 cc. concentrated HNO3, then add a little 
manganese solution and warm. The solution will 
become red from formation of permanganic acid. 
If the color is obscured by a precipitate, filter. 

Reaction. 2MnS0, + 5Pb30,+ 26HN03 = 2H- 
MnO,+ 2PbS0,+ 13Pb(N03)2+ I2H2O. 

ZINC. 
Symbol Zn. Atomic weight, 65.4. 

The alloy of zinc called brass was known to 
the ancients; but it was not until the last of the 
18th century that the nature of the metal was fully 
understood. 

Zinc occurs in a great many compounds, cal- 
amine (ZnCOg), zinc blende (ZnS), franklinite 
(ZnFe)0 + (Fe203),etc. 

Exp. 40. Examine a piece of zinc. Fuse on 
charcoal. Note the incrustation. Treat this in- 
crustation with Co(N03)2 and heat with the blow 
pipe. Note change in color. 

Exp. 41. Try the solubility of the metal in 
acids and NaOH. With a solution try the fol- 
lowing : 

1. NaOH precipitates white Zn(0II)2, soluble 
in excess forming NagZnOg (sodium zincate). 

2. NH^OH precipitates the same, soluble in 
excess. 

3. Na2C03 precipitates white Zn2( 011)2003. 

4. (NIIJ2CO3 precipitates the same, soluble in 
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excess of the reagent. 

5. HgS gives no precipitate in solutions which 
contain a free mineral acid. In neutral or alkaline 
solutions it produces white ZnS. 

6. (NHJgS precipitates the same. 

7. NaaHPO^ precipitates white Zn3(POj2. 

8. KCN precipitates white Zn(CN)2, soluble 
in excess, forming Zn(CN)2(KCN)2. 

9. K,Pe(CN)g precipitates white Zn2Fe(CN)g. 

10. K3Fe(CN)^. precipitates yellow brown 
Zn3Fe(CN,)2. ^ - 

BARIUM. 
Symbol Ba. Atomic weight, 137.4. 

Barium is very difficult to obtain in the metal- 
lic state and has little importance except in the 
form of its compounds. It is a soft white metal 
which oxidizes easily when exposed to the air. 
In many of its properties it resembles closely the 
metals potassium and sodium. 

Some of the reactions of barium are important. 

Exp. 41. Fuse a salt of barium on charcoal 
and note the color of the residue. Add Co(N03)2 
and heat again. Test the residue with blue litmus 
paper after adding a little water. 

Dip a platinum wire in a barium solution and 
heat in a colorless flame. 

Exp. 42. With a solution of barium try the 
following : 
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1. NaOH precipitates white Ba(0H)2 from 
concentrated solutions. 

2. NH^OH gives no precipitate. 

3. Na^COy and (NH4)2C03 precipitate white 
BaCO-j, soluble to a small degree in water contain- 
ing COo. The precipitation is complete in solutions 
containing NH^OH in excess. 

The precipitate forms an acid carbonate of 
barium in solutions containing COg, as follows : 
BaC03+C02+H20=BaH2(C03)2. 

4. NagHPO^ precipitates a white acid phos- 
phate BaHPO^. In the presence of ammonia, 
BaNH^PO^ is formed instead. 

5. KgCrO^ precipitates yellow BaCrO^. 

6. H2SO4 and soluble sulfates precipitate 
white BaSO,. 

Ammonium oxalate, (NHJgCjO^, precipitates 
white BaCgO^ from concentrated solutions. 

STRONTIUM. 
Symbol Sr. Atomic weight, 87.6. 

Strontium is very much like barium in its 
properties. 

Exp. 43. Test a strontium compound on char- 
coal with cobalt nitrate and with the flame as you 
did barium. 

Exp. 44. With a solution try the following : 

1. NaOH precipitates white Sr(0H)2. Some- 
what soluble in water. 
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2. NH^H foirnls no precipitate. 

3. NagCOg and (NHJ2CO3 precipitate white 
SrCOg. 

4. Na2HP04 precipitates white SrHPO,. 

5. K2Cr04 precipitates yellow SrCrO^ from 
concentrated solutions. The precipitate will not 
appear at once if the solution is dilute. The ad- 
dition of alcohol causes it to form faster. 

6. HgSO^ precipitates white SrSO^. This is 
somewhat soluble in water, so will not appear if 
the solution is very dilute. 

7. (NHJgCaO^ precipitates white SrCp^. 

CALCIUM. 
Symbol Ca. Atomic weight, 40. 

Of the three metals, barium, strontium and 
calcium, the last is by far the most important. In 
the metallic state it is of little importance as yet, 
but it is believed that it may be manufactured 
cheaply in the electric furnace and may become 
very useful as a substitute for potassium and so- 
dium. 

Calcium is very widely distributed in nature. 
It forms a large share of the earth's crust. In the 
form of carbonates it occurs in the important rocks, 
the limestones, chalks, etc. It occurs in the bones 
of anim^als in the form of phosphate and in many 
other compounds. 

Exp. 45. Repeat Exp. 43 with a calcium 
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compound. Note the difference between the stron- 
tium and calcium flames. 

Exp. 46. Try the following with a calcium 
solution. 

1. NaOH precipitates white Ca(0H)2. Some- 
what soluble in water. 

2. NH^OH forms no precipitate. 

3. NagCOg and (NHJ2C^03 precipitate white 
CaCOg. Soluble in water containing COg. See 
barium 3. 

4. NagHPO^ precipitates white CaHPO^. In 
the presence of NH/)H, Ca3(POj2 is formed. 

5. HgS'O^ and soluble sulfates precipitate 
white CaSO^. This is somewhat soluble in water. 
The precipitate is not formed in dilute solutions. 

6. (NHJa^^P^ precipitates white GaCfi^. 

Note — The three metals, barium, strontium and cal- 
cium, have so many characteristics in common that they are 
classed tog-ether as the alkaline earth metals. They often occur 
together in nature. 

MAGNESIUM. 
Symbol Mg. Atomic weight, 24.36. 

The salt of magnesium, MgSO^ (Epsom salt), 
was first recognized in the watei's of a mineral 
spring at Epsom, England. The metal itself was 
prepared by Davy at tlie beginning of the 19th 
century. 

Exp. 47. Examine a bit of metallic mag- 
nesium. With a pair of tongs hold a piece in the 
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flame of a burner. What is the residue formed? 
Heat some of this residue on charcoal with Co(N03)2. 
Note the color. Try the same with any compound 
of magnesium. What uses can you name for mag- 
nesium? How does its importance compare with 
that of the metals of the alkaline earths? 

Exp. 48. Try tlie solubility of magnesium, 
and with a solution try the following reagents : 

1. NaOH precipitates white Mg(0H)2. This 
is soluble in NH^Cl so that it does not form when 
ammonium salts are present. 

2. NH^OH precipitates tlie same incompletely, 
In a solution free from ammonium salts such as 
NH.Cl. 

3. (NHJ2CO3 and Na^CO, precipitate a wliite 
carbonate of doubtful composition. If the solution 
is hot at the time of precipitation Mg3(OH)2(COj2 
is formed. 

4. NagHPO^ precipitates white MgHPO^! On 
boiling this changes to Mg3(POj2- Ii^ the presence 
of NH^Cl, MgNH.PO, is precipitated. 

5. (NHJ2C20^ gives a white precipitate of 
■^^g^2^4 i^^ ^ concentrated solution. 

THE ALKALI METALS. 
The three metals, sodium, potassium and am- 
monium, are called the alkali metals, since they 
are the sources of the most common alkalies such 
as NaOH, KOH and NH.OH. They form salts 
with all acids, and as these salts are nearl}^ all sol- 
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uble in water there are very few precipitates formed 
with the common reagents. For this reason we 
cannot apply the same methods in the detection of 
these three metals tliat we have in the preceding. 
Sodium and potassium are recognized by the color 
which they give to a flame and ammonium com- 
pounds by the odor of NH3 which they will give 
when heated with a strong alkali such as KOH or 
NaOH. 

AMMONIUM. 

Formula NH^. Molecular weight, 18.04. 

Ammonium (NH^) has never been isolated ^^ 
but as it is well known in the form of its com- 
pounds and acts just like the other metals, chem- 
ists have come to consider it to be as real a metal 
as if it could be handled and its weight, metallic 
lustre, etc., determined. 

Exp. 49. Any compound of ammonium can 
be used for the following tests ^s all are soluble in 
water. 

1. Treat the solution with a little concen- 
trated NaOH and heat. Note the odor of ammonia. 
Hold a glass rod which has been dipped in HCl 
over the mouth of the test tube. What are the 
white fumes? 

2. '*Nessler's test.'' Treat a solution of an 
ammonium compound with ''Nessler's'' reagent. 
Note the brown precipitate. This is Hg2lNH20. 
The reaction is best shown in dilute solutions. 
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Nesslers reagent is made by adding KI to 
a solution of HgClg until the precipitate first formed 
is again dissolved. To this add a solution of KOH 
and filter. Keep in a well'stoppered bottle. 

Reaction for the Nesslers test. 

HgI,+2KI=HgI,(KI),. 

2HgI,(Kl)2 + 4NH,OH=:Hg2lNH20+3NHJ+ 
4KI. 

POTASSIUM. 

Symbol K. Atomic weight, 39.15. 

The symbol of potassium comes from its Latin 
name, kalium. 

Potassium is found chiefly in the form of 
a caibonate in wood ashes. From ashes it was 
prepared until a few years ago when a great de- 
posit of potassium salts was discovered in northern 
Germany at a place called Stassfurt. In the form 
of a silicate it occurs in great quantities in the 
potash feldspars. Many other minerals contain 
the element but the cliief commercial source is the 
Stassfurt deposit. 

Exp. 50. Examine a piece of metallic potas- 
sium. Why is it kept under benzine? Throw 
a small piece into water. Write the reaction. 

Exj). 51. Test a solution as follows : 

1. Heat on a platinum wire. Mix with 
a sodium solution and test the two together in 
the flame. Look at the flame through a piece of 
blue glass. Effect? . 
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2. HNaC^HPg (acid sodium tartrate) preci- 
pitates white HKC^H^Og from a concentrated 
solution. 

3. To a small quantity of sodium nitrite add 
a little acQtic acid and cobalt nitrate solution. To 
this add a solution of a potassium salt, shake and 
allow to stand. After a time a yellow precipitate 
of Co(N03)2(KN02)3 will form. See Exp. 10, un- 
der cobalt. 

SODIUM. 

Symbol Na. Atomic weight, 23.05. 

The symbol of sodium comes from its Latin 
name, natrium. 

Sodium is widely distributed. In the form of 
its chlorid it is found in sea water, in the carbonate 
it is found in wood ashes and in mineral waters, 
as silicate it occurs in certain feldspars, as nitrate 
in Chilian saltpeter, etc. 

Sodium, as well as potassium, was first pre- 
pared by Sir Humplirey Davy in 1807. 

Exp. 51. Examine a piece of metallic sodium. 
Compare with potassium. Throw a small piece 
into water. 

Testa solution of sodium on the platinum 
wire in a flame. 

1. KgH^^b.^^ (potassium pyroantimonate) 
precipitates white NagHgSbgO^ from neutral solu- 
tions of sodium. 
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All reactions of sodium are very unsatisfactory 

so that the flame test , is the one most commonly 

used. 

Note — It has been found most profitable at this part of 
the work to require the students to analyze a series of 25 or 50 
unknown solutions to fix the preceding reactions firmly in 
mind. The student should be allowed to choose his own meth- 
od of analysis and should be thrown as much as possible upon 
his own resources. After this preliminary work he is ready 
for a study of metal separation. It is often found advantageous 
to make out a table of reactions which will contain all the re- 
actions in a small space; so that the worker can see at a glance 
what any metal will do with any reagent. The outline of such 
a table is suggested below. 

A table for analysis of an unknown may be 
made out somewhat as follows. There is no par- 
ticular order to be followed and this table is not at 
all complete. It is merely a suggestion. 





Pb 


Ag 


Hg 


Cu 


Bi 


Cd 


Hg" 


Pe" 


Fe'" 


Cr 


etc. 


HCl 
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H2SO4 
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H2S 


Bl'k 
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WaOH 


W 


Brn 


B 


Gr 


W 


W 


Y 


W 


Br 


Gr 





etc. 



In this way make out a scheme that will con- 
tain all the metals and all the reagents. Do not 
omit anything. 

SEPARATIONS OF THE METALS. 
It will be noticed in comparing the reactions 
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that certain metals have similar reactions. For 
example, lead, silver and mercurous mercury all 
give a white precipitate with HCl ; lead, mercurous 
mercury, barium, calcium and strontium give 
a white precipitate with H2SO4, etc. These com- 
mon reactions may be gathered together and stated 
i;i a series of principles, as follows : 

I. The nitrates, chlorates and acetates of all 
metals are soluble in water except in four cases, 
viz: Bismuth, tin, antimony and certain salts of 
mercury require some free acid to hold them in 
solution. 

II. All oxids and hydroxids are insoluble in 
water Except those of the alkali metals. The oxids 
and hydroxids of barium, strontium and calcium 
are slightly soluble. Hence the fixed alkaline 
hydroxids, NaOH and KOH, precipitate solutions 
of all other metals, barium, calcium and strontium 
incompletely. 

II, a. The precipitate is a hydroxid except in 
the cases of silvei* and mercurous mercury when it 
is an oxid. 

b. The precipitate redissolves in the case of 
eight metals, forming if NaOH is used NagPbOg 
(sodium plurabite), NagSnOg (sodium stannite), 
Na2Sn03 (sodium stannate), Na2Sb02 (sodium anti- 
monite), Na2Sb03, Na2Zn02, NaAlO^ and NaCrOj. 

III. NH^OH precipitates solutions of all the 
^metals except Ba, Sr and Ca and the alkali metals 
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K and Na. Mri and Mg are precipitated incom- 
pletely and not at all in the presence of NH^Cl. 

a. In most cases the precipitate is a hydroxid. 
With silver it is an oxid and with both mercurous 
and mercuric mercury it is a compound of peculiar 
composition, depending on the nature of the mer- 
cury in solution. ^ 

b. The precipitate redissolves in six cases, 
i. e., Ag, Cu, Cd, Co, Ni and Zn. 

IV. The chlorids of lead, silver and mercur- 
ous mercury are insoluble in water, therefore HCl 
and soluble chlorids will precipitate these three 
metals, lead incompletely. 

V. The iodids of lead, mercury and copper 
are insoluble, hence HI and soluble iodids will 
precipitate these metals. 

VI. The sulfates of lead, mercurous mer- 
cury, barium, calcium and strontium are insol- 
uble, those of mercury and calcium slightly sol- 
uble. Hence HgSO^ and soluble sulfates precipi- 
tate these metals, mercury and calcium incom- 
pletely. 

VII. The sulfids of all the metals are insol- 
uble. The alkalies and the alkaline earth metals 
are not precipitated. Soluble sultids such as 
H^S will precipitate Pb, Ag, Hg, Cu, Cd, Bi, Sn, Sb 
and As, while an alkaline sulfid such as (NHJgS 
will precipitate Fe, Al, Cr, Zn, Mn, Co and Ni. 
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The result is a sulfid, except in the cases of 
Al and Or when the precipitate is a hydroxid. 

VIII. The carbonates of all the metals except 
the alkalies and As are insoluble, hence soluble 
carbonates such as those of the alkalies will pre- 
cipitate all the metals from their solutions. 

Note —As forms no carbonate. 

CLASSIFICATION OF THE METALS FOR 

ANALYSIS. 

Making use of the facts shown in the prin- 
ciples we may classify the metals into six groups. 
These groups are as follows : 

I. Contains metals precipitated by HCl, Pb, 
Ag and Hg . The precipitates are chlorids and 
with the exception of lead chlorid are insoluble in 
water. Lead chlorid is slightly soluble, so the 
metal will appear in the second as well as the first 
group. 

The reagent which precipitates all the metals 
of a group is called a group reagent 

II. Precipitated by HgS and not by HCl. 
Note — The solution must be slightly acid. 

Hg", Pb (residue from group I), Bi, Cu, Cd, 
As, Sb and Sn. 

The sulfids of As, Sb and Sn are soluble in 
yellow ammonium sulfid (NHJgS, while those of 
the other metals are not. Thus we may divide 
Group II into two divisions. 
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Class A. As, Sb and Sn. 

Class B. Hg", Pb, Bi, Cu and Cd. 

III. Precipitated by NH^OH and not. by the 
group reagents of the two groups preceding. 

Fe, Al and Cr. 

IV. Precipitated by (NHJ^S. 
Ni, Co, Mn and Zn. 

V. Precipitated by (NH,)2C03. 
Ba, Ca and Sr. 

VI. Includes all the metals not classed in 
the other five groups. 

K, Na, NH, and Mg. 

SEPARATIONS IN GROUP I. Pb, Ag and Hg. 

For the purpose of practice the student should 
make a mixture of the soluble compounds of these 
three metals and then separate them. It is best 
to mix the nitrates. 

1. To the solution containing the metals of 
G. I add HCl. 

PbClg, AgCl and HgCl will be precipitated. 
Shake and allow the precipitate to settle . Add 
a few more drops of HCl to see if any more pre- 
cipitate is formed. 

2. Filter. 

3. Wash precipitate on filter with a little 
cold water. When analyzing a solution contain- 
ing metals of other groups than the first, this wash- 
ing removes any solution that might cling to th e 
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precipitate. 

4. Wash precipitate with boiling water. 
PbClg dissolves. The other chlorids remain on 
the filter. Test for lead with any of the reactions 
for that metal. 

a. H2SO, gives white PbSO^. 

b. KgCrO^ gives yellow PbCrO^, etc. 

5. Pour a little NH^OH on the precipitate 
remaining. AgCl dissolves, forming (NHgjg (AgCljg 
while the mercury turns black with formation of 
NH,Hg,Cl. 

Confirm silver by adding nitric acid to the 
(NH3)3(AgCl)2 until the solution is acid. White 
AgCl will be precipitated. 

Confirm mercury by dissolving the black resi- 
due in aqua regia (HCI + HNO3), evaporate nearly 
to dryness, take up with water and test as follows : 

a. SnClg gives a white precipitate, HgCl, 
which changes to black Hg on standing. 

b. KI gives a red precipitate, Hgig, soluble 
in excess of the reagent. 

SEPARATIONS OF GROUP II. 

A. As, Sb and Sn. 

B. Hg", Pb, Bi, Cu and Cd. 

1. Into a solution containing the metals of 
group II, run HgS at a moderate rate until no more 
precipitate is formed. 
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2. Filter and wash the precipitate with hot 
water. 

3. Pierce a hole in the bottom of the filter 
paper and wash the precipitate into a small evap- 
orating dish with enough (NHJgSx to well cover it. 
Boil, and the sulfids of As, Sb and Sn will be dis- 
solved. 

4. Filter. The sulfids of class B will be in 
the filter paper, while those of class A have been 
dissolved and will be in the filtrate. Set aside the 
precipitate in the filter paper. 

Class A. The sulfids of As, Sb and Sn have 
been dissolved, forming (NHJ3ASS3, (NH^'jgSbSg 
and (NHJgSnSg. 

1. Make the solution acid with HCl. 

AS2S3, SbgSg, SnSg will be precipitated. At 
the same time the excess of (NHJ^Sx will be de- 
composed and large quantities of light yellow sul- 
fur will be set free. 

2. Filter and wash with hot water. Throw 
the wash water away. 

3. Pierce the filter paper and wash the pre- 
cipitate into a beaker with concentrated HCl. 

4. Boil, and the sulfids of antimony and tin 
will dissolve, forming SbClg and SnCl^. 

5. Dilute the acid solution and filter out the 
AS2S3 which has not been dissolved. 

6. Test the solution for antimony by placing 
in it a piece of platinum foil in contact with 
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a piece of zinc. The antimony will be precipitated 
as a black deposit on the foil. 

7. For tin. Filter the solution from which 
the antimony has been removed. The SnOl^ has 
been reduced to SnClg. Add HgCl2 and if tin is 
present a white precipitate of HgCl is formed 
which will change to black Hg. 

The action between the zinc and the platinum 
may have reduced the tin to the metallic form. 
In this case there will be no precipitate with HgClg. 
To make sure of the presence of tin remove the 
zinc and platinum. The tin will be in the form of 
a metallic precipitate on the bottom of the test 
tube. Pour off as much of the liquid as possible 
and dissolve this tin in HCl. Test as before with 
HgCl,. 

Class B. The metals of class B are present in 
the form of sulfids. Of these PbS, CuS, Bi2S3 and 
CdS are soluble in hot dilute nitric acid, while HgS 
is not. 

1. Pour hot dilute HNO3 through the filter 
paper several times. The HgS will remain while 
all the other sulfids are dissolved, forming 
Pb(N03)2, Bi(N03)2, Cu{m,), and Cd(N03)2. 

For Pb, Bi Cu and Cd. 

2. Evaporate the nitric acid solution nearly 
to dryness to remove the excess of acid and add 
a few drops of H2SO4. If lead is present it will be 
precipitated as white PbSO^. 
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3. Filter out the PbSO, and add NHpH un- 
til the solution smells of ammonia. White Bi(0H)3 
will be precipitated. To confirm bismuth, dissolve 
this white precipitate in as little dilute HCl as pos- 
sible and pour a few drops of this solution into 
a test tube of water. 'A white precipitate of 
BiOCl will be formed. 

4. For Cu. If after adding the NH.OH the 
solution has a deep blue color, copper is present. 
(See Copper, Exp. 17, 2.) 

5. For Cd. If copper is not present run 
HgS into the solution from which bismuth has 
been removed, and a yellow precipitate of CdS in- 
dicates Cd. If coi)per is present add KCN to the 
blue solution until the color disappears, then run 
in HgS. A yellow precipitate will form as before. 
If this precipitate is dark colored it is probably due 
to the presence of Ag or>, Hg which have not been 
completely removed. 

6. For Hg. Dissolve the precipitate on the 
filter paper with hot aqua regia. Evaporate the 
solution to dryness and take up with a little wa- 
ter. Test with 

a. SnClg. Forms a white and then a black 
precipitate. 

b. KI forms a red precipitate soluble in 
excess. 



378 METALS 

SEPARATIONS IN GROUP III. 

Fe, Al and Cr. 

The separation of the metals of group III is 
greatly complicated by the presence of phosphates, 
oxalates, silicates, borates and fluorids. If these 
acid radicals are in a solution containing the met- 
als of group III and the following groups, B-a, Ca, 
Sr and Mg will precipitate with the third group. 
In the following scheme the consideration of phos- 
phates, etc., has been purposely omitted. 

1. If the solution containing group III met- 
als is the filtrate from group II and contains HgS, 
it must be boiled until it no longer has the HgS 
odor. 

2. If iron is present and the solution has 
been treated with H2S the i^;on will be in the fer- 
rous condition and will not precipitate completely 
with the reagent of the third group. To oxidize 
the iron to the ferric condition add a little HNO3 
and boil. 

3. Add an equal volume of NH^Cl, then 
NH4OH in excess. The NH^Cl serves two pur- 
poses. It causes the Al to precipitate completely 
and prevents the precipitation of Zn, Mn, Co, Ni 
and Mg. In analyzing an unknown which might 
contain the metals from all the groups these metals 
might be present . and cause complications in 
group III. 
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4. The metals of group III are precipitated 
as Fe(0H)3 (red brown), A1(0H)3 (white), and 
Cr(0H)3 (green). 

5. Dissolve the mixed hydroxids in warm 
dilute HCl by pouring the acid on tlie precipitate 
in the filter paper. Add concentrated NaOH in 
excess and boil. The A1(0H)3 will dissolve, form- 
ing NaAlOg (sodium aluminaie), while the other 
hydroxids will remain in the precipitate. Filter 
and wash with hot water. 

6. For Al. 

Make the solution of NaAlOg slightly acid with 
HCl, then add NH^OH. A white flocculent pre- 
cipitate will indicate aluminum. 

7. For Fe. 

Divide the precipitate containing iron and 
chromium into two portions. Dissolve one in HCl 
and test for iron as follows : . 

a. With KSCN. A blood red color indi- 
cates Fe. 

b. With K4Fe(CN)g. Bltie color indicates Fe. 

8. For Cr. 

Mix the other portion with KNOg and NagCOg 
and fuse on platinum foil. ' A yellow residue of 
NagCrO^ is formed. Dissolve this in hot water, 
make acid with acetic acid and add Pb(C2H302)2. 
A yellow precipitate of lead chromate will form . 
(See Cr, Exp. 30, 6.) 
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Note — Mn, Zn, Ni, Co and Mg will often appear in the 
third group and will confuse the tests. If this is the case, dis- 
solve in HCl, add NH^Cl and precipitate once more with 
Nn40H. 

SEPARATIONS IN GROUP IV. 
Ni, Co, Mn and Zn. 

All are precipitated as sulfids in an alkaline 
solution. 

1. To the filtrate from* group III or to a sol- 
ution containing the metals of group IV add 
NH.OH, then run in HgS. (NHJgS is formed 
which precipitates the metals of the group as NiS 
(black), CoS (black), MnS (pink) and ZnS (white). 

2. Filter and wash. Dissolve the MnS and 
ZnS in hot dilute HCl. Set aside the NiS and CoS 
which remain in the filter paper. 

3. For Mn and Zn. 

Boil the solution to free from HgS. 

Add NaOH in excess and boil. Mn is precipi- 
tated as Mn(0H)2, while the zinc which is first 
precipitated as Zn(0EI)2 is dissolved in excess, 
forming Na2Zn02. Filter. 

4. For Mn. 

Fuse some of the precipitate on platinum foil 
after mixing with NagCOg and KNO3. Green so- 
dium manganate will be formed. (See Mn, Exp. 
39, 10. 

5. For Zn. 

Into the solution of NagZnOg run HgS. White 
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ZnS will precipitate. 

For Ni and Co. 

It is easy to identify either of these roetals 
alone but their separation is a matter of some dif- 
ficulty. 

1. Test the black precipitate left after dis- 
solving the Mn and Zn, with the borax bead. 

Ni gives a brown bead. 

Co gives a blue bead. If the two are mixed 
the blue of the Co will cover up the brown of the Ni. 

2. To identify Ni in the presence of Co. 
Dissolve the mixed sulfids in aqua regia, 

evaporate nearly to dryness and take up with wa- 
ter. Add KCN solution until the precipitate which 
forms at first goes into solution again. Add con- 
centrated NaOH, boil and add bromin water. 
A black Ni(0H)3 '^^^^ ^^ precipitated. 

SEPARATIONS IN GROUP V. 

Ba, Ca and Sr. 

1. If the metals are in the filtrate from group 
IV, boil to free from H2S. Add NH.OH and, if a 
precipitate forms, add NH^Cl until it dissolves. 
Add (NH J2CO3 and boil. BaCOg, SrCOj and CaCOg 
are formed. The boiling makes the precipitation 
complete. Filter and wash. 

2. For Ba. 

Dissolve in acetic acid and add KgCrO^. The 
barium will be precipitated as BaCrO^. Filter and 
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wash. Set aside the filtrate for Sr and Ca. 

To confirm Ba. Dissolve the BaCrO^ in 
a little HCl and test the solution with HgSO^. 
White BaSO^ will precipitate. Test another por- 
tion of the BaClg solution with the flame. 

3. The filtrate from 2 contains Sr and Ca in 
the form of acetates. To free from K2CrO^, pre- 
cipitate again with (NHJgCOg, filter and wash the 
precipitate well. 

4. Dissolve again in HCl and test with the 
flame. Sr gives a brilliant crimson and Ca a brick 
red color to the flame. There is great danger of 
confusing the two, so the test of an unknown 
should always be verified by comparison with 
a known sample. If both Ca and Sr are present 
the flame test will give confusing results. 

Note — The Sr flame is very persistent, while the Ca 
flame lasts but a short time. 

5. To the solution containing Sr and Ca add 
(NHJ2SO4. Shake • and allow to stand. SrSO^ 
will precipitate a white, finely divided powder. 
The precipitate forms slowly, especially in dilute 
solutions. Filter. The filtrate contains CaSO^, 
which is quite soluble in water. 

6. For Ca. 

Add to the filtrate from 5, ammonium oxalate, 
(NHJ^CP^. White CaC^O, will form. 

Note — If NH4CI or other ammonium salts are present in 
large quantities, the complete precipitations of metals of group 
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V will be prevented. To free from ammonium salts, evapor- 
ate the filtrate from group IV to dryness in a porcelain dish, 
then heat the residue to dull rednese. The salts' will be de- 
composed. After ignition dissolve the residue in water with 
a little HCl. Add NH4OH and (NH4)2C03, when the group 
will be precipitated. 

GROUP VI. 
Mg, NH„ Na and K. 

This group includes all the metals not pre- 
cipitated by the reagents of the preceding groups. 
There is no group reagent so we must identify 
each metal by a special test. 

1. For Mg. 

Make the filtrate from group V alkaline with 
NHpH. If a precipitate appears add NH^Cl until 
it is dissolved. Add Na2HP04 and allow to stand 
for several hours in a warm place. Crystals of 
MgNH^PO^ will form on the sides of the contain- 
ing vessel. 

Note — Nearly all the metals of the preceding groups 
will form a precipitate with NaHPO^ so if they have not been 
completely separated they will appear here. For that reason 
the student should not report magnesium unless the crystal- 
Une precipitate forms. 

2. ForNH,. 

To the original solution add NaOH and boil. 
The odor of ammonia indicates the compounds of 
ammonium. 

3. For Na and K. 

Test the original solution with the flame. 
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View the flame through a blue glass. 

A brilliant yellow flame indicates Na. 

A purple flame visible through blue glass in- 
dicates K. 

Note — Na is often present in small quantities in the 
salts of other metals. Therefore, unless the test is brilliant, 
do not report sodium. If compounds of Cu, Ba, Sr and Ca are 
present they will interfere with the potassium test and must 
be removed by means of {NH4)2C03. 



00 >i 



99 2 



'a & 





"3 ^ 


•^ ^ 

^ s 


^ 




^ s 


5. 


O 


^ 











w 


W -w 


o w 


s 




a? 


?r 


?r 


?r 



9 CrtS 
P CD • 




^P-i 


.h-Mlr 


•25 

3:h 


p 


"is-" 






i 


B -] ^ 


09 










M 



gs^w?' 


^<»»« 


g? 3-P g" 




* S^S^S 


p§.Wm. 


g^^bS 


g^W^ 


WfiO p5 




w^ H--» 


♦ ^ •^S' 


;r'D ® 


2-^o 


O— ►d "^ 


--•^•3^ 




o-piS-s 


o tr.'d o 


^0,^.0 



tr- 
2 » 

Pj 
12! 

Wg 



CD ►-• 
SB 






SO 
CD 
SO 

P 
Pi 



CD 

Hi 

O 

CD 
M 

o 

tz5 

GQ 



386 ACIDS 



THE ACID RADICALS. 

The acids may be classified in three groups. 
This system of grouping depends upon the action 
of the acid radical with a reagent which is called 
the group reagent as in the case of the metals. 

Group 1. Contains those acids which form 
a precipitate with BaClg in a neutral solution. 
The most common representatives of this group 
are the following : 

Sulfurous acid, HgSOg. 

Sulfuric acid, HgSO^. 

Thiosulfuric acid, H^Sfi^. 

Chromic acid, HgCrO^. 

Phosphoric acid, H3PO4. 

Boric acid, H3BO3. 

Hydrofluoric acid, HF. 

Carbonic acid, HgCOg. 

Oxalic acid, H2C2O4. 

Tartaric acid, H^C^Kfi^, 

Group 2. Contains those acids which form 
a precipitate with AgNOg in a solution slightly 
acidified with HNO3. Such are 

Hydrochloric acid, HCl. 

Hydrobromic acid, HBr. 

Hydriodic acid, HI. 

Hydrocyanic acid, HCN. 

Hydrosulfuric acid, hydrogen sulfid, HjS. 
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Hydroferricyanic acid, H3Fe(CN)g. 
Hydroferrocyanic acid, H4Fe(CN)g. 
Sulfocyanic acid, HSCN. 

Group 3. Contains those acids which do not 
fall in the above groups. Such are 

Nitric acid, HNO3. 

Chloric acid, HCIO3. 

Acetic acid, HC2H3O2. 

In this group may also be classified nitrous 
acid, HNO2, which forms a precipitate with AgN03 
only in concentrated solution. Arsenious and ar- 
senic acid, H3ASO3 and H3ASO4, are indicq,ted in 
the tests for the metals in group 2, class B. 

J 

COMMON REACTIONS FOR GROUP 1. 

SULFUROUS ACID, H2SO3. 

The free acid is very unstable, decomposing 
into HgO and SOj. Hence a solution of sulfurous 
acid will always have the odor of SOg. For the 
reactions use a solution of a sulfite such as NajSOg 
or K2SO3. 

1. BaClg precipitates white BaS03. Easily 
soluble in HCl. If the sulfite has been partially 
oxidized to sulfate, as is usually the case, the pre- 
cipitate will not completely dissolve. 

2. AgNOj precipitates white Ag2S03. On 
boiling this precipitate, black metallic silver will 
be formed. 
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3. Pb(C2H302)2 or as it may be written for 
brevity, PbACg precipitates white PbSOj. This is 
not decomposed by boiling. See thiosulfuric acid 2. 

4. HCl and most mineral acids form free 80^ 
which may be detected by the odor. 

THIOSULFURIC ACID, HgSgOg. 

Use a solution of NagSgOj, 

1. BaC]2 precipitates white BaSgOj from 
a concentrated solution. This is soluble in a large 
quantity of water. 

2. PbAcg precipitates white PbSgOg. On boil- 
ing this forms black PbS. 

3. AgNOg precipitates white AgjSgOg, soluble 
in excess of Na2S203, forming AgNaSgOg. On heat- 
ing, the AggSgOg changes to black AggS. 

4. HCl precipitates free sulfur, yellow white, 
and liberates SOg. 

SULFURIC ACID, HgSO^. 

For the reactions use any solution of a sulfate. 

1. BaClg precipitates white BaSO^, insoluble 
in all dilute acids. 

2. PbACg precipitates white PbSO^. Easily 
soluble in ammonium acetate or tartrate. 

CHROMIC ACID, HgCrO^. 

The presence of chromic acid will be indicated 
in the third group of metals where the metal will 
be precipitated as a hydroxid. 
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For the reactions use a solution of KgCrO^. 

1. BaClg precipitates yellow BaCrO^, insol- 
uble in NaOH and acetic acid. 

2. PbACg precipitates yellow PbCrO^, soluble 
in NaOH. 

3. AgNOg precipitates red brown AggCrO^, 
solube in HNO3 and NH^OH. 

4. HgNOj precipitates red HggCrO^, soluble 
in HNO3. 

5. HNO3 turns the yellow solution of a chro- 
mate to the red dichroraate such as KjCrgOy. In 
general the dichromate gives the same reactions as 
the chromate. 

PHOSPHORIC ACID, H3PO4. 

For the reactions use any soluble phosphate 
such as Na3P0^, etc. 

1. BaClg precipitates white BaHPO^, soluble 
in dilute HCl. 

2.' PbACg precipitates white Pb3(POj2; soluble 
in HNO3. 

3. AgN03 precipitates yellow white Ag3P0^, 
soluble in NH.OH and HNO3. 

4. Ammonium molybdate, NH^MoO^, precip- 
itates yellow ammonium phospho-molybdate, 
(NHj3PO,(Mo03)i2, soluble in NH.OH. The pre- 
cipitate forms slowly but is hastened by warming. 

BORIC ACID, H3BO3. 

For the common reactions use a solution of 
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spdium pyroborate, NagBPy. 

Most of the salts formed by the common re- 
agents are those of metaboric acid, HBOg. 

1. BaClg precipitates white Ba(B02)2 fi'om 
a concentrated solution, soluble in NH^Cl. 

2. AgNOg precipitates white AgBOg. If the 
solution is dilute the precipitate will be brown from 
the formation of AggO. 

3. PbAc2 precipitates from concentrated solu- 
tion Pb(B02)2. 

4. To a small quantity of borate solution in 
a porcelain dish or test tube add a little concen- 
trated sulfuric acid and a little alcohol. Warm, 
and boric ether will be formed which on ignition 
burns with a green flame. This is the most char- 
acteristic test for a borate. 

HYDROFLUORIC ACID, HF. 

For the reactions use a solution of any soluble 
fiuorid such as KF. 

1. PbAc2 precipitates white PbFg, soluble in 
HNO3. 

2. A solid fiuorid or a concentrated solution 
whea treated with concentrated sulfuric acid will 
set free HF which will etch glass. 

CARBONIC ACID, HgCOg. 

For the reactions use a solution of NajCOg. 

The free acid exists only in a very dilute solution. 

1. BaClj precipitates white BaCOg. From 
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a generator lead COg into the test tube containing 
the precipitate. In a short time it will dissolve 
forming BaH^CCOg) 2. 

2. PbAc2 precipitates white PbCOj. 

3. AgNOg precipitates light yellow AgjCOg, 
soluble in NH.OH. 

4. HCl causes effervescence with a carbonate 
with formation of COg. This gas is heavier than 
air and may be decanted into a test tube contain- 
ing a solution of Ca(0H)2 which will form a white 
precipitate of CaCOg, 

OXALIC ACID, H2C2O4. 

Use a solution of (NH4)2C204. 

1. BaClg precipitates white BaOgO^ from 
a concentrated solution of an oxalate. 

2. PbACg precipitates white PbCgO^, soluble 
in HNO3. 

3. AgNOg precipitates white AgjCgO^, soluble 
in HNO3 and NH.OH. 

4. CaClj precipitates white CaCgO^, insoluble 
in acetic acid and NH^OH, soluble in HCl. 

TARTARIC ACID, Hfijifi^, 

Use a solution of sodium potassium tartrate, 
NaKC,H,He. 

1. BaClg precipitates white BaC^H^Og from 
concentrated solutions. 

2. PbAcg precipitates white PbC^H^Og, sol- 
uble in HNO3 and NH.OH. 
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3. To a quantity of a tartrate in a clean test 
tube add a few drops of AgNO, and a little NH^OH. 
Warm on a water bath and a bright deposit of met- 
allic silver will be formed on the walls of the tube. 
This is the most characteristic test for. a tartrate. 

GROUP 2. 

HYDROCHLORIC ACID, HCl. 

Dilute HCl or a solution of any chlorid may 
be used. 

1. AgNOg precipitates white AgCl, soluble in 
NH4OH and reprecipitated by HNO3. Also easily 
soluble in KCN. 

2. HgNOg precipitates white HgCl. 

3. PbAcg precipitates white PbClg from a mod- 
erately concentrated solution. This is soluble in 
hot or in a large quantity of cold water, hence if 
the solution is dilute the precipitate will not appear. 

HYDROBROMIC ACID, HBr. 

Use a soluble bromid such as KBr. 

1. AgNOg precipitates light yellow AgBr, sol- 
uble in NH4OH although not so easily as the AgCl. 
Easily soluble in KCN. Reprecipitated from solu- 
tion by HNO3. 

2. PbAcg precipitates white PbBrg. This is 
somewhat soluble in water but not so easily as 
PbCl,. 

3. HgNOg precipitates yellow white HgBr. 



L 
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4. Chlorin sets the bromin free from a solu- 
tion of a bromid. Hence if chlorin water is added 
to a bromid solution the bromin will be set free 
and the solution will become reddish brown. Add 
a few drops of CSg and shake. The bromin will 
dissolve in the reagent and will color it brown. 

HYDRIODIC ACID, HI. 

Use a solution of KI. 

1. AgNOg precipitates light yellow Agl. 
Slightly soluble in NH.OH but soluble in KCN. 
Insoluble in HNOg. 

2. PbAcj precipitates yellow Pblj, soluble in 
hot water from which it will crystallize on cooling 
in golden yellow crystals. 

3. HgNOg precipitates yellow green Hgl. 

4. HgClg precipitates scarlet Hgig, soluble in 
an excess of KI. 

5. Chlorin water liberates iodin from its com- 
pounds. Repeat Exp. 4 under HBr with KI and 
the CSg will be colored a beautiful violet. 

HYDROCYANIC ACID, HON. 

For the tests use a solution of KCN. 

1. AgNOg precipitates white AgCN, soluble 
in an excess of KCN and in NH^H. From these 
solutions it is precipitated by HNO3. 

2. PbAcj precipitates white Pb(CN)^, insol- 
uble in KCN, 
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3. CuSO^ precipitates green Cu(CN)2, soluble 
in KCN. From this solution HgS will not precipi- 
tate the Cu. See separation of copper and cad- 
mium in the second group of metals. 

4. To a solution of a cyanid add a few drops 
of (NHJjS, and boil. This fbrms KSCN. Make 
acid with HCl and add a little FeClg. A blood red 
coloration due to Fe(CNS)3 will be formed. 

HYDROSULFURIC ACID, HgS. 

Use a solution of NagS or KgS. 

1. AgNOg precipitates black AggS, soluble in 
HNO3. 

2. PbAcj precipitates black PbS, soluble in 
HNO3. 

3. SbClg precipitates orange red Sb2S3, sol- 
uble in (NHJ^Sx. 

5. A solution of a sulfid treated with HCl or 
H28O4 will be decomposed, liberating HjS which is 
easily recognized by the odor. 

HYDROFERRICYANIC ACID, H3Fe(CN)g. 

Use a solution of K3Fe(CN)g. 

1. AgNOg precipitates red brown Ag3Fe(CN)g, 
soluble in NH.OH. 

2. FeSO^ precipitates blue Fe3[Fe(CN)j2. 
This is called TurnbulFs blue. Insoluble in HCl. 

3. FeClg gives a dark blue solution but no 
precipitate. 



J 
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HYDROFERROCYANIC ACID, H4Fe(CN)g. 

Use a solution of K4Fe(CN)g. 

1. AgNOg precipitates white Ag4Fe(CN)g, in- 
soluble in dilute NH^OH. 

2. PbACj precipitates white Pb2Fe(CN)g. 

3. CuSO^ precipitates red brown Cu2Fe(CN)g. 
This is a very delicate reaction and can be shown 
in a very dilute solution. 

4. FeClg precipitates Fe^ [Fe (CN)g] 3, Prussian 
blue. 

SULFOCYANIC ACID, HSCN. 

Use a solution of KSCN. 

1. AgNOg precipitates white AgSCN, soluble 
in NH.OH. 

2. CuSO^ precipitates from concentrated so- 
lutions black Cu(SCN)2. If H2SO3 is added in ex- 
cess to a solution of a sulfocyanid and boiled, 
CUSO4 will precipitate white Cu2(SCN)2. 

3. FeCl3 forms blood red Fe(SCN)3. This is 
very characteristic. 

GROUP 3. 

NITRIC ACID, HNO3. 

Use nitric acid or any solution of a nitrate. 
All nitrates, chlorates and acetates are soluble in 
water. 

1. The ''Brown Ring" test. To a solution of 
a nitrate add an equal volume of FeSO^ solution. 
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Incline the test tube and allow some concentrated 
H2SO4 to run down the side. If the experiment is 
carefully carried out the acid will collect at the 
bottom of the tube and at its upper surface a brown 
ring will form which is due to NOj dissolved in 
FeSO^. This reaction is very characteristic. 

2. The NO2 test. To a nitrate add concen- 
trated H2SO4 and a small piece of copper. HNO3 
is set free, this combines with the copper and 
brown NOg is formed. 

CHLORIC ACID, HGIO3. 

Use a solution of KCIO3. 

1. If a solid chlorate is treated with concen- 
trated H2SO4 the two will combine with explosive 
violence. See the tests for a chlorate under blow- 
pipe analysis. 

2. A solution of a chlorate with HCl gives 
chlorin and chlorin peroxid as follows : 

2HC1+KC103=KC1+H20+C102 + C1. 
Test the chlorin by the odor and by its bleach- 
ing effect on moist litmus paper. ' 

The chlorates form no precipitates. 

ACETIC ACID, HC2H3O2. 

Use a solution of NB.C2H3O2. 

1. To a solution of an acetate add concen- 
trated H2SO4. Note the vinegar like odor. To 
the solution containing HgSO^ add a little alcohol, 
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CgH^OH. Boil and note the apple-like odor. This 
is due to the formation of ethyl acetate, CH3COO- 

2. FeClj gives a deep red color to a neutral 
solution of an acetate. On boiling red-brown basic 
ferric acetate is formed, Fe(OH)2C2H30j. 

NITROUS ACID, HNOg. 

The acid does not exist in the free state. It is 
best known in the form of its potassium salt, KNO^. 
For the reactions use this salt. 

1. Co(N03)2 to which acetic acid has been 
added precipitates yellow Co(NOj)3(KN02)3* NaNO^ 
does not give this reaction. 

2. To a solution of a nitrite add a little KI 
and starch paste. On adding a few drops of H2SO4 
iodin is liberated and the starch is turned blue. 
CSg may be used instead of the starch paste. 

3. On adding an acid such as H2SO4 to a so- 
lution of a nitrite copious brown fumes of NOjWill 
be liberated. 



The systematic separation of the acids is 
a rather difficult matter and beyond the scope of 
a small text. For separations the student is re- 
ferred to the larger works on qualitative analysis. 
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greater diversity of chemical manipulation. This was Professor Cheever's idea, 
and it is certainly a good one, especially since, in most cases, the work of the begin- 
ner simply serves to emphasize the necessity of careful scrutiny of details and 
methods for practical work in the future. 

Part I. is offered, then, for the use of schools and colleges, and it is intended to 
supply a source of elementary information upon the subject of puantitative Chemi- 
cal Analysis rarely offered in such form in works upon that subject —Preface. 

The author was for many years Professor of Metallurgy in the University of 
Michigan, and the methods here presented are those mostly offered by him to his 
students. As a beginner's book in quantitative analysis, it will be found eminently 
practical, and it can be honestly recommende'i to the student who desires a source 
of elementary information upon this branch of applied science. The book is divided 
into two parts, the first consisting of laboratory notes for beginners. The subjects 
of gravimetric and volumetric analysis are considered by means of the chemical 
analysis of a set of substances, properly numbered, in each case giving the methods 
to be followed in such analysis, and also the methods of calculating and preparing 
volumetric standard solutions, etc. Methods for the determination of specific 
gravities of various liquids and solids are also considered. 
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Part II. contains a number of select methods in inorganic quantitative analysis, 
such as the analysis of limestone, iron ores, manganese ores, steel, the analysis of 
coal, water, mineral phosphates, smelling ores, lead slags, copper, arsenic, bismuth, 
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that makes it well adapted to the needs of those beginning the study of quantitative 
analysis, is the practical arrangement of the subjects treated: after a chapter on 
general operations, the author takes up first crystallizable salts, then alloys and 
minerals, and eventually advances to ores, slags, waters, etc., of increasing diffi- 
culty. The instructions in each example are very clear, being the result of long 
experience as a teacher and at an expert analyst. The section on pig-iron, steel, 
sptegeieisen, ferromanganese, etc., seems to be quite full, occupying forty pages; . 
an equal number of pages is occupied with potable waters and mineral waters, while 
the section on organic analysis is rather brief, as might be expected in a work of 
this description. 

Volumetric analysis is treated separately (pp. 407-459), but the methods in this 
section are often referred to in the body of the work. Qualitative methods, with 
special reference to minerals, ores, slags, metals, and alloys, are described in a 
voluminous appendix. The volume closes with several useful tables and a full 
index. 

.^ The translator has done his share of the work with linguistic skill born of famil- 
iarity with German and an appreciation of the requirements of good English. He 
has strengthened the volume by introducing some processes that had been over- 
looked by the German author, notably the method for the proximate analysis of coal 
recommended by the Committee of the American Chemical Society, Handy^s rapid 
volumetric method for phosphorus in pig-iron (titration of the phosphomol^bdate 
precipitate), and some of the methods of that eminent expert on rock analysis, Dr. 
W F. Hillebrand, of the U. S. Geological Survey, whose 'Bulletin" is frequently 
cited." 
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A bibliography based on practical experience. The author is a professor in the 
Michigan State Normal College. As tne myths of all nations manifest themselves 
first in religion, secondly in art, and third in literature, these reading references are 
grouped in the above classes. One section is devoted to the study of mythology in 
the grades, and an introductory chapter gives hints for teaching the subject in the 
lower grades. The books suggested in the body of the work are given in one alpha- 
bet at the end, with publishers and prices ; there are also blank pages for additional 
references, and a good general index.— Pu2>(i87ier8 Weekly, 
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University of Michigan. 8vo. 509 pages. Buckram, $2.50. 
This is a very excellent collection of cases on private international law made by 
Mr. Dwyer, covering a variety of subjects, and is intended especially for the use of 
students, though certain to prove interesting and valuable to all practitioners.—^/- 
bany Law Journal. 

DVFYER.— Law anil Procedure of United States Courts, By John W. 
Dwyer, LL. M., author of "Cases on Private International Law." 
Instructor in the Law Department of the University of Michigan. 
8vo. 361 pages. Bound in Buckram, $2.75. Sheep, $3.50. 
The purpose of this work is to give a brief and concise statement of the organiza- 
tion, jurisdiction and practice of the various courts of our national government. It 
is intended as an elementary work for students in law schools, students in law 
offices and for young lawyers who have not received systematic instruction in this 
subject. In stating the jurisdiction of the courts, the author has inserted a number 
of the decisions of the Supreme Court. This valuable feature of the book cannot 
fail to commend itself to students and instructors alike. Similarly, the object of 
the chapter on the history of the United States is to remind the student of the cir- 
cumstances as they existed at the time our government was formed — to recall the 
principal events in our historical development, so that the constitutional provisions 
may be interpreted in their true light. The author asserts, truly, that a knowledge 
of this branch of the law is more necessary at this time than ever before, because of 
the steady increase of litigation, arising from the rapid growth and reaching out of 
the business of the country and the bringing of certain questions within federal 
control. The book is exceedingly well arranged, containing besides tables of cases 
and tables of contents, a copious index. It cannot fail to prove highly useful for 
the purposes intended. We can heartily commend it to instructors and students.^ 
Albany Law Journal. 

DZIOBEK. — Mathematical Theories of Planetary Motions. By Dr. 
Otto Dziobek, Privatdocent in the Royal Technical High School of 
Berlin, Charlottenburg. Translated by Mark W. Harrington, for- 
merly Chief of the United States Weather Bureau, and Professor of 
Astronomy and Director of the Observatory at the University of 
Michigan, President of the University of Washington, and Wm. J. 
Hussey, Assistant Professor of Astronomy in the Leland Stanford, 
Jr. University. 8.vo. 294 pages. $3.50. 

The determination of the motions of the heavenly bodies is an important problem 
in and for itself, and also on account of the influence it has exeried on the develop- 
ment of mathematics It has engaged the attention of the greatest mathematicians, 
and, in the course of their not altogether successful attempts to solve it, they have 
displayed unsurpassed ingenuity. The methods devised by them have proved use- 
ful, not only in this problem, but have also largely determined the course of advance 
in other branches of mathematics. Analytical mechanics, beginning with Newton, 
and receiving a finished clearness from Lagrange, is especially indebted to this 

Sroblem, and in turn, analytical mechanics has been so suggestivein method as to 
etermine largely both the direction and rapidity of the advancement of mathemat- 
ical scienoe. 

Hence, when it is desired to illustrate the abstract theories of analytical mechan- 
ics, the profundit^r of the mathematics of the problem of the motions of the 
heavenly bodies, its powerful influence on the historical development of this 
science and finally the dignity of its object, all point to it as most suitable for this 
purpose. 

This work is intended not merely as an introduction to the special study of 
astronomy, but rather for the student of mathematics who desires an insight into the 
creations of his masters in this field. The lack of a text-book, giving, within moder- 
ate limits and in a strictly scientific manner, the principles of mathematical astron- 
omy in their present remarkably simple and lucid form, Is undoubtedly the reason 
why so many mathematicians extend their knowledge of the solar system but little 
beyond Kepler's law. The author has endeavored to meet this need, and at the 
same time to produce a book which shall be so near the present state of the science 
as to include recent investigations and to indicate unsettled questions. 



4 . Publications of George Wahr, Ann Arbor. 

FARRAH-DWYER.— Caj« on the Law of Husband and Wife, By 
Albert J. Farrah, Dean of the Law Department of the John B. 
Stetson University, Deland, Florida, and John W. Dwyer, author of 
Cases on Private International Law, and Instructor of Law in the 
Department of Law of the University of Michigan. 8vo. 488 
pages. Buckram, $2.50. 

FLORER.— y4 Guide for the Study of RiehV s Burg Neideck with Ques- 
tions for Grammar Review, By Warren Washburn Florer, Uni- 
versity of Michigan. Pamphlet. 88 pages. 30 cents. 

FLORER.— Bid/ica/ Selections, With word list. By Warren Washburn 
Florer, University of Michigan. 88 pages. Cloth, 40 cents. 

FLORER. — Questions on Thomases German Grammar^ with Essentials of 
Grammar in German. By Warren Washburn Florer, University of 
Michigan. Pamphlet. 62 pages. 20 cents. 

FLORER.—^ Guide for the Study of Heyse's VArrabbiata, With 
Questions for Grammar Review. By Warren W. Florer, University 
of Michigan. Pamphlet. 20 pages. 20 cents. 

FLORER. — Heyse's VArrabbiata. With word list and questions for con- 
versation and grammar review. By Warren Washburn Florer, Uni- 
versity of Michigan. 80 pages. Cloth, 35 cents. 

FLORER.—^ Guide for the Study of Goethe's Egmont, By Warren Wash- 
burn Florer. Pamphlet. 30 cents. 

FORD.— 7%^ Cranial Nerves. 12 pairs. By C. L. Ford, M.D., late 
Professor of Anatomy and Physiology in University of Michigan. 
Chart. 25 cents. 

FORD. — Classification of the Most Important Muscles of the Human 
Body^ With Qrigin Insertion^ Nervous Supply and Principal Action 
of Each. By C. L. Ford, M.D., late Professor of Anatomy and 
Physiology in the University of Michigan. Chart. 50 cents. 

GRAY. — Outline of Anatomy, A Guide to the Dissection of the Human 
Body, Based on Grafs Anatomy, By S. M. Yutzy, M. D., Instructor 
in Osteology and Demonstrator of Anatomy in the University of 
Michigan. 54 pages. Leatherette, 50 cents. 

The objects of the outline are to inform the students what structures are found 
in each region and where the description of each structure is found in Gray's Ana- 
tomy.— Fifteenth edition, dated 1901. 

GREENE.— r^ Action of Materials Under Stress, or Structural Me- 
chanics. With examples and problems. By Charles E. Greene, 
A.M., M.E., Professor of Civil Engineering in the University of 
Michigan. Consulting Engineer: Octavo. Cloth, $3.00. 

GXJTIAE,— Laboratory Exercises with Primary and Storage Cells. By 
Karl E. Guthe, Assistant Professor of Physics, University of Michi- 
gan. 58 pages. 17 illustrations. Cloth, 45 cents. 
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HERDMAN-NAGLER.— ^ Laboratory Afantml of Electrotherapeutics, 
By William James Herdman, Ph.B., M.D., Professor of Diseases of 
the Nervous System and Electrotherapeutics, University of Michigan, 
and Frank W. Nagler, B.S., Instructor in Electrotherapeutics, Uni- 
versity of Micbifijan. Octavo. 163 pages. 55 illustrations. Cloth, 
$1.50. 
It has been our experience that the knowledge required by the student of medi- 
cine concerning electricity and its relation to animal economy is best acquired by 
the laboratory method. By that method of instruction each principle is impressed 
upon the mind through neveral separate paths of the sense perception and a manual 
dexterity is acquired which is essential to success in the therapeutic applications. 
This has been the plan adopted for teachinf^ electrotherapeutics at the Univer- 
sity of Michigan. Every form of electric modality that has any distinctive physio- 
logical or therapeutical effect is studied in the laboratory as to its methods of gen- 
eration, control and application to the patient. We believe this to be the only 
practicable way for imparting the kind of instruction required for the practice of 
electrotherapeutics, but in our attempt to develop a naturally progressive and at the 
same time complete and consistent course of laboratory instruction we have found it 
a thing of slow growth. 

This laboratory manual is the final result of our various trials and experiences, 
and while we do not claim for it either perfection in the arrangement of matter or 
completeness in detail, we feel that the time has come for putting our plans in a form 
that will permit for it a wider usefulness as well as gain for it in the intelligent criticism 
of the experienced workers to the field which it seeks to cultivate.— jProm Preface. 

HILDNER.— CiVtf/^w Quartett zu Storm's Immensee. By Jonathan Hild- 
ner, University of Michigan. German Conversational Cards. Boxed, 
50 cents. 

HILDNER-DIEKHOFF.— S'/i^riwV Immensee. Edited by Jonathan 
Hildner and Tobias Diekhoff, University of Michigan. With com- 
plete Vocabulary. 112 pages. Qoth, 35 cents. 

HILDNER-DIEKHOFF. — ZrtV/r^?^«f zu Storms Immensee. By 
Jonathan Hildner und Tobias Diekhoff, University of Michigan. 
Pamphlet. 16 pages. 15 cents. 

HILDNER-DIEKHOFF.— /^r<y/tffi^ ^iV>«rwa/w/'^«. With notes and 
questions. By Jonathan Hildner and Tobias Diekhoff, University of 
Michigan. 174 pages. Cloth, 60 cents. 

HOWELL. — Directions for Laboratory Work in Physiology for the Use 
of Medical Classes. By W. H. Howell, Ph.D., M.D., Professor of 
Physiology and Histology. Pamphlet. 62 pages. 65 cents. 

HUBER. — Directions for Work in the Histological Laboratory. By G. 
Carl Huber, M.D., Assistant Professor of Histology and Embry- 
ology, University of Michigan. Third edition, revised and enlarged. 
Octavo. 204 pages. Cloth, $1.50. 
It is adapted for classes in medical schools and elsewhere where it is desired to 
furnish the class with material already prepared foir the demonstration of structure 
rather than to give instruction in the technique of the laboratory. Provision for the 
latter Is made, nowever, by the addition of a section of about 06 pages on the meth- 
ods for laboratory work. This section includes methods of macerating, hardening 
and fixing, decalcifying, impregnation, injecting, embedding, ciaining^ and methods 
for preparing and staining blood preparations. The last is accompanied by an ex- 
cellent plate of blood elements. The selection of methods has in the main been 
judicious. The expositions are both clear and concise^— Joimuii 0/ ConifNirative 

In this little book Dr. Huber has given us a model manual of microscopical tech- 
nique in the laboratory study of histology. The subject matter is divided into con- 
venient chapters, commencing with the cell and cell division (karyokinesis) in plant 
and animal life, and gradually developing, by easy stages, the most complex tissues 
of the animal and vegetable organism. Between each lesson blank pages are inter- 
leaved, to be used by the student for drawing the objects seen by him with a pencil 
or crayon— a most excellent plan as nothing fixes the appearance and characteristics 
of objects more firmly on the mind than drawing them, either free-hand or with a 
camraa lucida (the former being preferable, as it educates the hand and eye). With 
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each subject is given the source and origin, the best methods for obtaining and pre- 
paring it, and attention is called to the most noteworthy or characteristic points for 
examination. 

The second part of the book is devoted to methods for laboratory work : soften 
ing. hardening, decalcification, etc., of the matter in gross; embedding, sectioning, 
staining and mounting, etc. The best stains, with methods of preparing the same, 
and, in short, a general formulary for the various reagents, etc., concludes the work, 
which is intended, as stated, as an aid& memoire supplementary to a course of lec- 
tures on histology. 

We congratulate Dr. Huber on the skill with which he has developed the idea, 
and the didactic methods which he has employed. Such a book cannot but prove a 
great help to both student and teacher, and it should be more widely known —St. 
Louis Medical and Surgeon's Journal. 

Dr. Carl Huber's Laboratory Work in Histology is an excellent manual, and if 
the medical students of Michigan University are conscientiously put throngh it they 
must be extremely well taught. Dr. Huber puts the methods of embedding, staining, 
etc., in a clear tabular form, and gives full practical instructions in all those minute 
details which can only be given by a man who has a masterly knowledge of his sub- 
ject. The American student, according to the evidence of this textbook, has the 
work of cutting and staining done for him, and has only to mount sections affixed to 
coverslips. By this plan he must gain an excellent collection of slides. — British 
Medical Journal. 

JOHNSON.— Elements of lAe Law of Negotiable ContraUs. By E. F. 
JohnsoD, B.S., LL.M., formerly Professor of Law in the Department 
of Law of the University of Michigan. 8vo. 735 pages. Full law 
sheep binding) $3.75. 

Several yeats of experience as an instructor has taught the author that the best 
method of impressing a principle upon the mind of the student is to show him a prac- 
tical api>lication of it. To remember abstract propositions, without knowing their 
application, is indeed difficult for the average student. But when the primary prin- 
ciple is once associated in his mind with particular facts illustrating its applica- 
tion, it is more easil;^ retained and more rabidly applied to analogous cases. 

It is deemed advisable that the student in the law should be required, during his 
course, to master in connection with each general branch of the law, a few well-se- 
lected cases which are illustrative of the philosophy of that subject. To require each 
student to do this in the larger law schools has been found to be impracticable, ow- 
ing to a lack of a sufficient number of copies of individual cases. The only solution 
of this difficulty seems to be to place in the hands of each student a volume contain- 
ing the desired cases. In the table of cases will be found many leading cases printed 
in black type.— From Prefau. 

KIRK.— Brother Toper and Other College Verse. By R. R. Kirk. 47 pages. 
Brocaded Silk, 40 cents; Ooze Leather, 60 cents. 

YilRN,— Religion a Rational Demand. By Rev. G. J. Kirn, M.A., Ph.D. 
230 pages. i2mo. $1.00. 
It is really a fascinating theme, particularly to thoughtful and intelligent people- 
The chapter on Materialism is alone worth the cost of the book. — Evangelical Mes. . 
senger. . 

LEVI-FRANCOIS. — Questions Based on Levi and Francois* Reader 
Pamphlet. 37 pages. 25 cents. 

LEVI-FRANCOIS.—^ French Reader for Beginners, with Notes and 
Vocabulary. By Moritz Levi, Assistant Professor of French, Univer- 
sity of Michigan, and Victor E. Francois, Instructor in French, Uni- 
versity of Michigan. 12 mo. 261 pages. $1.00. 
This reader differs from its numerous predecessors in several respects. First, 
being aware that students and teachers in the French as well as in the German de- 
partments of high schools and colleges are becoming tired of translating over and 
over again the same old fairy tales, the editors have avoided them and selected some 
interesting and easy short stories. They have also suppressed the poetic selections 
which are never translated in the class room. Finally, they have exercised the great- 
est care in the gradation of the passages chosen and in the preparation of the vocab- 
ulary, every French word being followed not only by its primitive or ordinary mean- 
ing, but also by the different English equivalents which the text requires. After 
careful examination, we consider this reader as one of the best on the American 
market. 
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LLOYD. — Philosophy of History, An Introduction to the Philosophical 
Study of Politics. By Professor Alfred H. Lloyd, University of 
Michigan. i2mo. 250 pages. Cloth, $1.00. 

Philosophy of History.— "Professor Lloyd has already oatlined his conception 
of history in a volume entitled Citizenship and Salvation (1S97). The present ex- 
position 18 at the same time more definite and more comprehensive. About a third 
of the book is devoted to a philosophic study of the data of history; and this is 
followed by an analysis of the social unit, the group, and by a systematic account of 
the formula of history as it appears to the philosopher. The last four chapters are 
essays in which such topics as "Good and Evil" and 'The Great Man" are treated 
from the historical point of view which is expounded in the main part of the vol- 
ume. In these chapters as well as in the second part of the book acute and valua. 
ble comments oh different phases of historical development abound. The first part 
of the volume, however, discussing Time, Causation, the Individual and Nature as 
data of history [is the most] valuable.^^— 7^A« Philosophical Review^ March, iqoo. 

" The Philosophy of History is a meritorious attempt to connect the facts of 
history with the causes which have influenced the social evolution of the human 
race. Most writers are satisfled with the visible, immediate and direct causes of 
the rise or fall of nations ...... but Professor Lloyd wants us to go deeper 

yet, [but] whatever be the mental attitude of the readers with regard 

to the positions advocated in the book all will admit that it is written with great 
keenness of perception and with a sincere desire to reconcile, so far as possible, all 
intellectual and moral differences. If the author has not succeeded in accomplish- 
ing the task [of reconciliation], it is because there are differences that can not be 
reconciled, even by benevolence and ingenuity combined."— /Inna/^ of the Ameri- 
can Academy of Political and Social Science ^ March, 1900. 

LYMAN-H ALL-GODDARD.— ///^/'^ra. By Elmer A. Lyman, A.B., 
Edwin C. Goddard, Ph.B., and Arthur G. Hall, B.S., Instructor 
in Mathematics, University of Michigan. Octavo. 75 pages. Cloth, 
90 cents. 

MATTHEWS.— ^y//a^«J of Lectures on Pharmacology and Therapeu* 
tics in the University of Michigan. Arranged Especially for the 
Use of the Classes Taking the Work in Pharmacology and Thera- 
peutics at the University of Michigan. By S. A. Matthews, M.D., 
Assistant in Pharmacy and Therapeutics, University of Michigan, 
lamo. 114 pages. $1.00. 

McCANDLESS.— 7a^«/ar Analysis of the Law of Real Property^ 
following Blackstone. Arranged by L. W. McCandless. 19 charts. 
Quarto. Cloth, $150. 

This analysis follows Book II of Blackstone, and will prove a very valuable aid 
to students. The critic remembers that in the dim and hoary past when he was 
a student himself, he prepared an analysis of Bispam's Equity. He certainly en- 
deavored to do complete justice to that learned work and the result was a sheet 
some 1x4 (yards) in dimensions. Acting according to the advice of some intimate 
friends he hung it up, on a shade roller, but somehow, never could persuade any- 
body to read it completely thrcugh. In fact, the aforesaid critic was afraid to 
attempt it itself when the " magnum opus '■* was once finished and the fearful and 
wonderful document still remains filed away somewhere among his dusty papers. 
This little incident of a past career is mentioned not that we would discourage the 
reader of Mr. McCandless's work or in any way compare his learned production with 
the superficial synopsis which we had ourselves compiled. It has long been a source 
of wonder to us why real estate law has not hitherto been "chartered,*' for there seems 
to be no branch of jurisprudence so well adapted to such a form of presentation. 
The author^s work gives a bird's eye view of real property principles and as pre- 
viously stated will prove of great value to the student, particular!]^ around examina- 
tion time for he can tell at a glance what would otherwise force him to spend much 
valuable time in searching through Blackstone. Take it all in all, the author is to 
be heartily commended and we would like to see his work used as a text- book in 
not only the University of Michigan but in all the leading law schools of the country. 
For the benefit of them who have not had the pleasure of perusing it we can state 
that it is a series of some nineteen large charts each about 2 feet by i^, handsomely 
bound 80 that the entire subject may be embraced in series of sweeping glances. — 
Law fournal, N. Y, 
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MBADER. — Chronological Outline of Roman Literature. By C. L. 
Meader, A.B., Instructor in Latin in University of Michigan, 
Chart. 25 cents. 

MICHIGAN "BOOYi.—The U. of M. Book. A Record of Student Life 
and Student Organizations in the University of Michigan. Articles 
contributed by members of the Faculty and by prominent Alumni. 

MONTGOMERY-SMITH.— Ztf^^ra/iirj^ Manual of Elementary Chem- 
istry. By Jabez Montgomery, Ph.D., Professor of Natural Science, 
Ann Arbor High School, and Roy B. Smith, Assistant Profes- 
sor in Chemical Laboratory, Ann Arbor High School. 12 mo. 150 
pages. Cloth, $1.00. 

This Work is intended as a laboratory guide to be used in connection with a good 
text-book or course of lectures, and in its arrangement and scope it is based upon 
the practical experience of two instructors in the Ann Arbor Hi^h School. It is 
therefore restricted to such work as may be done by the average high school pupil. 
The experiments which are directed are given more to enable the student to compre- 
hend the methods of analytical chemistry than to acquire particular proficiency in 
the work of chemical analysis. The work is characterized by minuteness of explan- 
ation, a feature which will be appreciated by the beginner.— P/kirmocetcticol tlra. 

MORRIS.— C7f>«Vfl/ Temperature Chart. By Roger S. Morris, A. B., 
M. D., University of Michigan. Postpaid, 48' cents per quire. 
There are spaces for stools, urine, dates and days of disease besides abundant 
room for the personal data, diagnosis, treatment, termination, and for daily notes. 
Anything that assists and favors accuracy in clinical records, either in hosi)ital or 
private practice, should be welcomed by physicians, and those who are looking for 
a chart different from those now in use are warmly advised to examine this one. 

NETTO. — The Theory of Substitutions and its Application to Algebra. 
By Dr. Eugene Netto, Professor of Mathematics in the University of 
Giessen. Revised by the author and translated with his permission, 
by F. N. Cole, Ph.D., formerly Assistant Professor of Mathematics 
in the University of Michigan, Professor of Mathematics, Columbia 
University. 8 vo. 301 pages. Cloth, $3.00. 

NOW. — Laboratory Work in Physiological Chemistry. By Frederick G. 
Novy, Sc.D., M.D., Junior Professor of Hygiene and Physiological 
Chemistry, University of Michigan. Second edition, revised and 
enlarged. With frontispiece and 24 illustrations. Octavo. Cloth, 
$2.00. 

This book is designed for directing laboratory work of medical students, and in 
showing them how to study the physics and physiology of the digestive functions of 
the blood, the urine and other substances which the body contains normally, or 
which it speedily eliminates as effete material. The second edition has appeared 
within a very short time after the publication of the first. The first chapters deal 
with the facts, the carbohydrates and j^roteids. Then follow others upon tne saliva, 
the i^astric juice, the pancreatic secretion, the bile, blood, milk, and urine, while the 
closing chapter deals with a list of reagents. 

While the book is manifestly designed for the use of Dr. Novy's own students, we 
doubt not that other teachers will find it a valuable aid in their work. At the close 
of the volume are a number of illustrations of the various sedimentary substances 
found in the urine, taken from the work of von Jaksch. — T/ie T/iera»ei4li6 QazHXn 

This book, although now in its second edition, is practically unknown to British 
readers. Up to the present, anyone wishing to find out how a particular analytical 
method in physiological chemistry ought to be carried out, had of necessity to refer 
to a German text-book. This comparatively small book— for it only covers some 
three hundred pages— gives as good a general account of ordinary laboratory methods 
as any teacher or student could desire. Although the author refers in his preface to 
help derived from the works of Salkowski, Hammarsten and others, it is but fair to 
say that the book has undoubtedly been written by one who has worked out the 
methods and knows the importance of exact practical details— fidinbufflffe 3fed 
Jour., Scotland. 
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Physiological chemistry is one of the most important studies of the medical curri- 
culum. The cultivation of this field has uutil recently been possible to but few. 
The rapid development of this department of science within a few years past has 
thrown much and needed light upon physiological processes. It is from this auarter 
and from bacteriological investigations that progress must chiefly be expected. The 
rapid growth of this branch.of chemistry is attended by another result. It necessi- 
tates the frequent revision of text-books. The present edition of Dr. Novy's valu- 
able book is almost wholly re-written. It is representative of the present state of 
knowledge and is replete with information of value alike to student and practitioner. 
Few are better prepared to write such a book than Dr. Novy, who has himself done 
much original work in this field.— T/ie Medioal Bulletin, PhiladfJ,phia, 

NOW. — Laboratory Work in Bacteriology, By Frederick G. Novy, Sc. 
D., M.D., Junior Professor of Hygiene and Physiological Chemistry, 
University of Michigan. Second edition, entirely re-written and 
enlarged. 563 pages. Octavo. $3.00. 

As a teacher of bacteriology, the author has had extensive experience, and the 
second edition of his book will be highly prized by students for its practical service 
and thoroughness. The methods of investigation described are mainly those which 
have been employed in the hygienic laboratory or the University of Michigan, and 
they have stood the test of practical demonstration and usefulness. One of the 
most interesting parts of the book is the chapter on the chemistry of bacteria, and 
the general reader cannot fail to obtain from it a clear understanding of the com- 
plex changes induced by these minute organisms. The functions of the various 
ferments are also very cleverly discussed. An enumeration of the chapter headings 
will serve to show the scope of the work : Form and Classification of Bacteria ; Size 
and Structure of Bacterial Cell ; Life History of Bacteria ; Environment of Bacteria ; 
Chemistry of Bacteria ; the Microscope ; Cultivation of Bacteria ; Non-Pathogenic 
Bacteria; Bouillon, Agar, Milk and Modified Media, the Incubator and Accessories; 
Relation of Bacteria to Disease— Methods of Infection and Examination; Patho- 
genic Bacteria; Yeasts, Moulds and Streptotrices ; Examination of Water, Soil and 
Air; Special Methods of Work. To the latter subject, two chapters are devoted, 
in which are very fully outlined various special methods of value to advanced 
students.-^Phaf7rkieeuticaZ ^d, N. Y, 

PATTENGILL. — Rules for the Pronunciation of Greek and Latin Proper 
Names, By A. H. Pattengill, Professor in the University of Michigan. 
Pamphlet. 5 cents. 

PUTNAM. — A Historical Sketch of the Development of Primary and Second- 
ary Public Education in Michigan, By Daniel Putnam of the State 
Normal College. 12 mo. 300 pages. $1.00. 

REED-GUTHE.— ^ Manual of Physical Measurements, By John O. 
Reed, Junior Professor of Physics, University of Michigan, and 
Karl E. Guthe, Assistant Professor of Physics, University of Michi- 
gan. 185 pages, 89 illustrations. Octavo. $1.50. 

REED. — College Physics, For Students in Academies and Colleges, 
Physics I, Mechanics — Sound — Light. By John O. Reed, Junior 
Professor of Physics University of Michigan. Octavo. 300 pages. 
Cloth, $1.50. 

ROOD,— Important English Statutes. Edited by John R. Rood, Uni- 
versity of Michigan. Svo. 24 pages. Imitation leather, 25 cents. 

This pamphlet contains the Statute of Frauds (29 Car. II. c. 3) complete, also 
Lord Campbell's Act, the Mandamus Act of 9 Anne, and the Victorian Wills Act. 
The intention is to furnish students a copy of all those important English statutes 
which have been generally re-enacted in the American statutes and are therefore 
prominent in his courses of study. 
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ROOD. — On Attachments, Garnishments, Judgments, and Executions, By 
John R. Rood, University of Michigan. The table of contents, 
table of cases, and text cover 183 pages. The leading and illustra- 
tive cases and notes cover 514 pages. A very full index has been 
compressed into 36 pages. Total 733 pages. The two books 
bound as one, in buckram, for one price. %'^.oo. Octavo. 

The text is not claimed to be exhaustive upon any point. To make it so would 
defeat the very purpose for which it was written » tree is not complete without all 
its foliage, but the outline of the branches cannot be clearly seen till the leaves have 
fallen. In the present discussion, details have been similarly omitted so that the 
more important matters can be seen. Anson on Contracts may be said to cover all the 
matters treated in the elaborate works on particular contracts, such as sales, agency, 
partnership, suretyship, deeds, mortgages, etc In like manner this manual is 
intended to explain all the matters covered by the extensive treatises on jurisdiction, 
judgments, res judicata, attachment, |;arnishment, and executions. It is not de- 
signed to trespass on the field occupied by any of these books, but to give what 
none of them do or can — a clear outline of the whole, without that cloud of details 
and the confusing review of inconsistent decisions upon them, which the writer of a 
complete text must give. In this way, it is hoped that a comprehensive view of 
broad fundamental principles may be obtained, with a clear vision of the relations 
between each part and all the others, and of the successive steps in each pro- 
ceeding from beginning to end. 

SOLIS. — The Diagnosis of Diseases of the Cord, Location of Lesions , 
By Dr. Grasset. Translated by Jeanne C. Solis, M.D., Demon- 
strator of Nervous Diseases and Electrothereapeutics in the Uni- 
versity of Michigan. 98 pages. Cloth, 65 cents. 

STRUMPELL. — Short Guide for the Clinical Examination of Patients, 
Compiled for the Practical Students of the Clinic, by Professor Dr. 
Adolf Striimpell, Director of the Medical Clinic in Erlangen. Trans- 
lated by permission from the third German edition, by Jos. L. Abt. 
39 pages. Cloth, 35 cents. 

SUNDERLAND.— t>»<f Upward Look Each Day. Poems of Hope and 
Faith. Selected by J. T. Sunderland. Third Edition, 16 mo. 
White Binding, 30 cents; Cloth, 40 cents; Full morocco, 75 cents. 

SVNDERl^ANO— Grains of Gold. Some Thoughts and a Brief Prayer 
For Each Day of the Months. Designed as Daily Helps in the 
Higher Life. Compiled by J. T. Sunderland. White Binding, 35 
cents. 

VAUGHAN. — Contributions to Medicat Research. Dedicated to Victor 
Clarence Vaughan. By Colleagues and Former Students of the De- 
partment of Medicine and Surgery of the University of Michigan, on 
the Twenty-fifth Anniversary of his Doctorate. Large octavo size. 
640 pages and 200 illustrations. Bound in full Cloth, $5.00; Half 
Morocco, $6.00. 

WARTHIN. — Practical Pathology for Students and Physicians. A 
Manual of Laboratory and Post-Mortem Technic, Designed Espe- 
cially for the Use of Junior and Senior Students in Pathology at 
the University of Michigan. By Aid red Scott Warthin, Ph.D., M. 
D., Instructor in Pathology, University of Michigan. Octavo. 234 
pages. Cloth, $1.50. 

We have carefully examined this book, and our advice to every student and prac- 
titioner of medicine is— buy it. You will never regret having invested your money in 
it and you will acquire such a large fund of information that the study of pathology 
will become a pleasure instead of the drudgery which it so unfortunately seems to 
be in many cases. 
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Part I. of this book, embracing some Z03 pages, deals with the materials, which 
includes the proper examination and notation of the gross changes which have 
occurred in erery part of the body. In fact it is a complete expos^ of what a com- 
plete and accurate autopsy should be, the observance of which is oftener followed 
m the breach than in the actuality. Part II., which includes 134 pages, deals with 
the treatment of the material. This is a very important part of the work, as it gives 
explicit directions in regard to the instruments to use, stains and staining methods, 
drawing, the preservation of specimens, hardening methods, in fact, of all those 
technical points connected with practical pathological microscopy. The examina- 
tion of fresh specimens, injections, methods fixing specimens as well as special 
staining methods are taken up. In fact, space forbids us to give the entire, which 
are most valuable in every detail.^<S£. LaM\» Mediccd and Surgical Journal, 

WARTHIN.— ^ B/ank Book for Autopsy Protocols, Second Edition. 

By Aldred Scott Warthin, M.D., Ph.D., Assistant Professor of 

Pathology in the University of Michigan. Bound in Full Canvass, 

50 cents. 

The medical student at the University of Michigan is expected to attend twenty 

autopsies during the last two years of his studies, and this book is designed to 

facilitate the keeping of a careful protocol, which he is required to make in every 

case. The book is of a convenient size and can accommodate the autopsy protocols 

of ten cases. Each autopsy is allowed ten pages, carefully ruled for the various 

organs. 

WATSON. — Tables for the Calculation of Simple or Compound Intet est 
and Discount and the Averaging of Accounts. The Values of 
Annuities^ Leases^ Interest in Estates and the Accumulations and 
Values of Investments at Simple or Compound Interest for all Rates 
and Periods; also Tables for the Conversion of Securities and Value 
of Stocks and Bonds, With full Explanation for Use, By James 
C. Watson, Ph.D., LL.D. Quarto. Cloth, $2.50. 

A book most valuable to bankers, brokers, trustees, guardians, judges, lawyers, 
accountants, and all concerned in the computation of interest, the division and set- 
tlement of estates, the negotiation of securities, or the borrowing and lending of 
money, is the above work of the late Professor James C. Watson, formerly Director 
of the Observatories and Professor of Astronomy at the Universities of Michigan 
and Wisconsin, and Actuary of the Michigan Mutual Life Insurance Company. 

It contains, in addition to the usual tables for the calculation of simple or com* 
pound interest and discount, many tables of remarkable value, not found elsewhere, 
for the averaging of accoutns, the values of annuities, leases, interests in estates, 
and the accumulations and values of investments ; also tables for ihe conversion of 
securities, and the values of stocks and bonds. 

There are also given very full and clear explanations of the principles involved in 
financial transactions, and a great variety of miscellaneous examples are worked 
out in detail to illustrate the problems arising in interest, discount, partial payments, 
averaging of accounts, present values, annuities of different kinds, annual payments 
for a future expectation (as in life insurance), or for a sinking fund, conversion of 
securities, values of stocks and bonds, and life interests. 

This book was issued from the press under the author's careful supervision. 
Professor Watson was noted for his clear insight into problems involving computa- 
tions, and also for his wonderful ability in presenting the method of solution of such 
problems in a plain and simple manner. The varied array of practical examples 
given in connection with his "Table*' shows these facts in a remarkable manner. 
This book provides, for those least expert in calculations, the means of avoiding 
mistakes likely to occur ; and for the man engrossed in the cares of business, the 
means of making for himself, with entire accuracy, the calculation which he may 
need, at the moment when it is needed. 

WOLF-FLORER.— /^ Guide for the study of Goethe's Hermann und Doro- 
thea, By Ernst Wolf, E. Saginaw High School, and Warren Wash- 
burn Florer, University of Michigan. Pamphlet. 82 pages. 30 cents. 

WRENTMORE.— i%zi« Alphabets for Ofiice and S:hool. S-lected by 
C. G. Wrentmore, B.S., C.E., Instructor in Descriptive Geometry 
and Drawing, University of Michigan. Oblong. 19 plates. Half 
leather, 75 cents. 
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WRENTMORE-GOULDING.*-/^ Text-Book of Ehmentaty Mechan- 
teal Drawing for Use in Office or School. By Clarence G. Wrent- 
morc, B.S., C.E., and Herbert J. Goulding, B.S., M.E., Instructors 
in Descriptive Geometry and Drawing at the University of Michigan. 
Quarto. 109 pages and 165 ctits. $1.00. 

This book is intended for a beginners course in Elementary Mechanical Drawing- 
for the office and school. Illustrations have not been spared, and the explanations 
have been made in a clear and concise manner for the purpose of bringing the stu- 
dent to the desired results by the shortest route consistent with the imparting of an 
accurate knowledge of the subject. 

The first chapter is devotea to Materials and Instruments; the second chapter, 
Mechanical Construction: third chapter, Penciling. Inking, Tinting; fourth chap< 
ter, Linear Perspective; fifth chapter, Teeth of Gears. 

REV. J. T. YOXJUG—* *Mormonism: Its Origin^ Doctrines^ and 
Dangers^ Pamphlet. 72 pages. 25 cents. 

This brochure of seventy pages in paper covers is a sharp attack on the Mormon 
system, showing that its beginnings were in fraud and villainy, that its doctrines 
are debasing, and that its continuance in the United States is a political and reli- 
gious menace. If Mormonism is one-tenih as bad as this booklet represents, the 
marvel is that the viper life was not crushed out long ago. — The Standard ^ Chicago. 

Souvenir of the University of Michigan, Ann Arbor. Containing 38 
photo-gravures of President James B. Angell, prominent University 
Buildings, Fraternity Houses, Churches, Views of Ann Arbor, Etc., . 
Etc. Done up in blue silk cloth binding. Price, 50 cents, postpaid. 

Physical Laboratory Note Book. — A Note Book for the Physical Lab- 
oratory. Designed to be used in connection with any Physical 
laboratory Manual. Contains full directions for keeping a Physical 
Laboratory Note Book. 112 pages of excellent ledger writing paper, 
ruled in cross sections, Metric System, size 7 x 9^^ inches. Bound in 
full canvass, leather corners. Price, by mail, 30 cents. Special 
prices to Schools furnished on application. 

Botanical Laboratory Note Book. — A Note Book for the Botanical lab- 
oratory. 200 pages of best writing paper, ruled with top margins. 
Pocket on inside of front cover for drawing cards. Bound in sub- 
stantia] cloth cover and leather back. Size 6x 9^. Price, by mail, 
35 cents. Special prices to schools furnished on application. 

Engineerins: Laboratory Note Book.— ^4 Note Book for the Engineering 
Laboratory^ University of Michigan, Full sheep binding. Size 
5 >^ X 8. Contains 200 pages. (With general directions. Cross sec- 
tion ruled). Price, 75 cents. 

Field Ens^ineering Note Book, Surveying.— 200 pages. Cross section 
ruled. Full Sheep binding, 50 cents. 



JUN 1 9 1918 



i 



